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LETTER  OF  TRANSMITTAL 


House  of  Representatives, 
Committee  on  Science  and  Technology, 

Washington,  B.C.,  October  2, 1978. 
To  Members  of  the  Committee  on  Science  and  Technology : 

I  am  transmitting  herewith  the  President's  first  annual  Science  and 
Technology  Report.  This  report  is  required  under  the  terms  of  the 
National  Science  and  Technology  Policy,  Organization  and  Priorities 
Act  of  1976. 

The  Science  Policy  Act  provides  that  the  Office  of  Science  and  Tech- 
nology Policy  prepare  this  report.  However,  under  the  Reorganization 
Plan  for  the  Executive  Office  of  the  President  the  responsibility  for 
the  preparation  of  the  report  was  transferred  to  the  National  Science 
Foundation.  I  am  glad  to  note  that  the  preparation  of  this  report  was 
shared  by  the  NSF  and  the  OSTP. 

The  President  in  his  letter  of  transmittal  expresses  his  view  that 
"this  report,  and  its  successors,  can  play  an  important  role  in  provid- 
ing a  foundation  for  informed  debate  on  scientific  and  technological 
issues  ..."  I  share  that  view  and  hope  the  members  of  the  Commit- 
tee, too,  will  find  the  report  helpful. 

I  believe  that  the  Science  and  Technology  Committee  will  find  the  re- 
port especially  helpful  in  connection  with  the  annual  review  of  the 
many  budget  authorization  requests  which  the  Committee  performs 
each  Spring.  For  that  purpose  the  law  provides  that  this  annual  Sci- 
ence and  Technology  Report  shall  be  "transmitted  to  the  Congress  an- 
nually beginning  February  15, 1978."  I  expect  future  reports  will  meet 

this  deadline  so  that  the  Committee  can  benefit  from  the  overview  of 
the  nation's  science  and  technology  posture  which  the  Science  and 
Technology  Report  provides. 

Any  comments  or  suggestions  about  the  content  of  the  Report  from 
members  of  the  Committee,  other  members  of  the  Congress,  or  inter- 
ested private  individuals  will  be  welcome. 

Olin  E.  Teague, 

ChairnwM. 
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TO  THE  CONGRESS  OF  THE  UNITED  STATES: 

I  am  pleased  to  submit  to  the  Congress  the  first 
annual  report  on  science  and  technology  as  required  by  the 
National  Science  and  Technology  Policy,  Organization,  and 
Priorities  Act  of  1976. 

Science  and  technology  contribute  in  significant  ways 
to  many  of  our  social  needs  —  maintaining  economic  growth 
and  productivity,  feeding  the  world's  people,  improving  our 
health  and  environment,  and  preserving  our  national  security. 
They  also  reveal  the  basic  structure  of  nature.  Moreover, 
our  science  and  technology  draw  the  respect  and  admiration 
of  nations  throughout  the  world. 

I  believe  this  report,  and  its  successors,  can  play  an 
important  role  in  providing  a  foundation  for  informed  debate 
on  scientific  and  technological  issues,  and  thereby  can  help 
assure  that  our  scientific  and  technological  capabilities 
remain  strong. 
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DIRECTOR 


September  8,  1978 


The  President 
The  White  House 
Washington,  D.C.  20500 

Dear  Mr.  President: 

I  am  pleased  to  transmit  to  you,  and  through  you  to  the  Congress, 
as  required  by  the  National  Science  and  Technology  Policy  Act  of 
1S76,  the  first  annual  report  on  science  and  technology.  This 
first  report  examines  the  economic  foundations  for  the  Government's 
role  in  science  and  technology  and  discusses  several  other  issues, 
including  the  contribution  of  R&D  and  innovation  to  productivity. 

As  science  and  technology's  involvement  in  public  decisions  has 
increased,  several  issues  have  been  brought  into  focus.  First, 
although  technology  can  contribute  to  the  solution  of  social  prob- 
lems, it  seldom  can  provide  a  complete  solution.  Often  difficult 
economic,  institutional,  or  political  components  must  be  addressed 
simultaneously.  Moreover,  the  technological  components  of  solutions 
can  themselves  have  social  dimensions  that  need  careful  examination. 
We  believe,  however,  that  broad  and  open  discussion  of  scientific 
and  technological  aspects  of  public  issues  will  contribute  to  an 
awareness  of  both  the  possibilities  and  limitations  of  science  and 
technology.  Second,  it  is  clear  that  effective  decisions  on  issues 
with  scientific  and  technological  components  require  accurate  infor- 
mation as  well  as  rigorous  analysis.  This  report,  and  its  successors, 
will  make  a  significant  contribution  on  these  fronts. 

I  wish  to  acknowledge  the  important  role  that  the  Office  of  Science 
and  Technology  Policy  played  in  preparing  the  report.  Under  the 
terms  of  Reorganization  Plan  No.  1  of  1977  and  your  Executive  Order 
of  February  24,  1978  relating  to  certain  science  and  technology 
policy  functions,  responsibility  for  the  preparation  of  this  report 
was  transferred  from  OSTP  to  NSF.  Nonetheless,  OSTP  prepared  the 
strategic  overview  chapter  and  helped  substantially  in  structuring 
the  report,  in  preparing  draft  material,  and  in  improving  the  text. 


The  President 


This  report  does  not  provide  a  comprehensive  assessment  of  science 
and  technology.  Instead,  a  few  important  and  timely  issues  were 
selected  for  incisive  treatment.  The  focusing  of  our  effort  will 
allow  this  report  and  those  that  follow  to  better  serve  as  a  basis 
for  the  discussion  of  important  issues  in  both  the  Executive  Branch 


and  the  Congress. 


Respectfully, 


Richard  C.  Atkinson 
Director 
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PREFACE 


As  part  of  the  National  Science  and  Technology  Policy 
Act  of  1976,  Congress  required  the  production  of  two 
reports:  an  annual  report  on  the  state  of  science  and 
technology  and  an  annual,  later  changed  to  biennial,  report 
on  the  5-year  outlook  for  science  and  technology. 
Responsibility  for  the  production  of  these  reports  was 
originally  placed  with  the  President's  Office  of  Science  and 
Technology  Policy.   On  February  24,  1978,  this 
responsibility  was  transferred  to  the  National  Science 
Foundation  by  the  President. 

While  the  enabling  legislation  did  not  specify  the 
exact  format  and  design  of  the  two  reports,  there  were 
certain  requirements  and  suggestions.  The  reports  were  to 
discuss  recent  developments  in  science  and  technology  and 
assess  the  potential  of  science  and  technology  in  solving 
national  problems.   The  reports  were  to  make  maximum  use  of 
existing  data  sources  and  existing  knowledge.   However,  much 
latitude  remained  for  the  particular  form  and  content  of  the 
first  annual  report.   Choices  also  had  to  be  made  betweeen 
the  material  to  be  contained  in  the  annual  report  and  that 
to  be  covered  in  the  five-year  S&T  outlook. 

In  this  report,  we  have  chosen  extensive  analyses  of  a 
few  public  policy  issues  particularly  salient  in  1978. 
Since  the  Administration  is  conducting  or  planning  intensive 
analysis  of  a  number  of  S&T  policy  issues,  we  believe  it 
appropriate  in  this  first  report  to  address  the  underlying 
logic  of  government  activity  and  programs  in  the  S&T 
domain.   In  the  future,  the  combined  coverage  of  the  annual 
report,  the  five  year  S&T  outlook,  and  the  National  Science 
Board's  Science  Indicators  should  sufficiently  address  the 
substantive  areas  listed  in  the  Act. 

The  general  role  of  government  in  public  and  private 
R&D  sectors  is  currently  of  great  concern  to  the  government, 
the  public,  and  the  scientific  community.   There  is 
continuing  debate  over  the  issues  of  "how  much"  and  "what 
kinds"  of  government  investment  there  should  be.   An 
understanding  of  the  rationale  behind  programs  and  budgets 
was  deemed  important  as  the  foundation  for  future  analysis 
and  policy. 

Following  the  summary,  this  report  begins  with  a 
strategic  overview  by  the  Office  of  Science  and  Technology 
Policy  which  raises  public  policy  questions  of  national 
significance  in  science  and  technology  (Chapter  1). 
Chapters  2  and  3  cover  trends  in  Federal  funding  of  research 
and  development  and  provide  a  description  of  Federal  R&D 
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expenditures  by  functional  area  in  the  FY  1979  budget. 
Chapters  4-7  provide  evidence  and  analysis  on  policy  issues 
and  explain  the  logic  for  government  action  within  the 
science  and  technology  domain. 

Depending  on  one's  interests,  the  reader  can  approach 
this  report  in  different  ways.   Those  interested  in  fiscal 
impacts  and  trends  might  first  read  the  Chapter  1,  Strategic 
Overview,  and  Chapters  2,  3,  6  and  7,  returning  later  to  the 
policy  discussions  in  Chapters  4  and  5.   A  reader  interested 
in  policy  analysis  might  start  with  Chapter  1  and  proceed 
directly  to  Chapters  U  to  7,  returning  later  to  the 
discussion  of  fiscal  impacts  in  Chapters  2  and  3. 

Clearly,  alternative  designs  for  the  Science  & 
Technology:   Annual  Report  to  the  Congress  could  have  been 
chosen,  and  this  first  annual  report  should  not  be  viewed 
necessarily  as  the  prototype  for  future  reports.   For  these 
reasons,  comments  are  welcomed  on  this  report  as  are 
expressions  of  preference  on  the  design  and  content  of 
future  volumes.   Comments  should  be  sent  to  the  Division  of 
Policy  Research  and  Analysis,  Directorate  for  Scientific, 
Technological,  and  International  Affairs,  National  Science 
Foundation,  1800  G  Street,  NW ,  Washington,  DC  20550. 
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SUMMARY 

This  first  annual  science  and  technology  report 
discusses  some  of  the  key  developments  and  public  policy 
issues  concerning  the  funding  and  performance  of  U.S. 
science  and  technology.   Chapter  1  provides  a  strategic 
overview  of  current  issues  and  policy  questions.   The 
Federal  S&T  policy  and  R&D  budget  choices  are  discussed  in 
Chapters  2  &  3.   The  theoretical  and  empirical  basis  for 
government  R&D  policy  are  set  out  in  Chapters  4  and  5. 
These  chapters  also  discuss  the  policy  tradeoffs  between 
direct  and  indirect  government  action  to  influence  the  R&D 
"market".   Finally,  Chapters  6  and  7  discuss  issues 
connected  with  maintaining  a  sound  R&D  capability  in 
industry  and  universities. 

Highlights  of  the  findings  and  policy  implications  from 
each  of  these  sections  are  presented  below. 

FEDERAL  FUNDING  OF  RESEARCH  AND  DEVELOPMENT 
(CHAPTERS  2  AND  3) 

As  the  supplier  of  about  half  of  the  nation's  R&D 
expenditures,  the  Federal  Government  has  a  strong  influence 
on  priorities  and  developments  in  science  and  technology. 
Chapter  2  looks  at  the  10-year  national  and  Federal  funding 
patterns  for  research  and  development  as  background  for  a 
more  detailed  examination  of  the  current  fiscal  year  R&D 
budget  decisions.   Some  of  the  more  significant  trends 
recorded  are: 

o  Total  national  R&D  expenditures  in  FY  1979  will 
be  double  (in  current  dollars)  the  amount  spent  10 
years  earlier. 

o   Between  1969  and  1975,  Federal  R&D  funding  declined 
17  percent  in  constant  dollars  but  since  -then  has 
climbed  14  percent. 

o   Federal  R&D  priorities  have  shifted  toward  civilian- 
oriented  programs  and  away  from  defense  and  space. 
However,  this  trend  has  reversed  in  the  last  two 
years. 

o  Since  1976  Federal  basic  research  obligations 

have  increased  by  25  percent  in  constant  dollars. 


The  President's  FY  1979  budget  reflects  a  strategy  of 
increasing  basic  research  funding,  in  part  to  continue  to 
offset  declines  (on  the  basis  of  constant  dollars)  over  the 
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past  decade.   The  strategy  includes  relatively  less  emphasis 
on  commercial  scale  demonstrations.   FY  1979  total  R&D 
budget  allocations  and  highlights  for  each  of  eight  major 
functional  areas  are  presented  below.   (For  more  detail  see 
Chapter  3). 

National  Defense   -  $13-8  billion  for  R&D,  up  8  percent 
over  1978,  reflecting  a  decision  to  help  counteract  an 
overall  decline  in  U.S.  defense  R&D  spending  from  1969  to 
1976. 

Space  Research  and  Technology   -  $3.8  bittion  for  R&D, 
up  almost  8  percent  over  1978,  reflecting  continued 
development  of  the  space  shuttle,  a  satellite  system  to  aid 
the  Administration's  climate  research  initiative,  and  a 
spacecraft  to  study  for  the  first  time  the  polar  regions  of 
the  Sun. 

Energy   -  $3-7  billion  for  R&D  and  R&D  plant,  up  1.8 
percent  over  1978.   However,  research  and  development  as  a 
share  of  total  energy  budget  authority  will  decline  from  60 
percent  in  1977  to  38  percent  in  1979,  due  primarily  to 
large  increases  in  funding  for  energy  emergency 
preparedness,  which  does  not  involve  any  R&D. 

Health   -  $3.0  billion  for  R&D,  up  nearly  5  percent 
over  1978,  reflecting  increases  in  basic  research.   Special 
attention  will  be  given  to  research  on  reproduction,  the 
biological  and  behavioral  aspects  of  development,  and  mental 
health  and  alcohol  and  drug  abuse. 

General  Science  and  Basic  Research  -  $1.1  billion  for 
R&D,  up  8  percent  over  T978,  reflecting  the  Administration's 
decision  to  promote  real  growth  (constant  dollars)  in 
funding  for  basic  research  and  increase  resources  for 
earthquake  hazard  mitigation  and  high  energy  physics. 

Natural  Resources  and  Environment   -  $885  million  for 
R&D,  up  less  than  3  percent"^  with  special  emphasis  on 
potential  environmental  problems  and  the  interagency  climate 
program. 

Transportation   -  $799  million  for  R&D,  up  6  percent 
over  1978,  reflecting  expansion  of  the  National  Aeronautics 
and  Space  Administration's  aeronautical  research  and 
technology  program  which  emphasizes  improving  aircraft 
efficiency,  performance,  and  environmental  acceptability. 

Agriculture   -  $511  million  for  R&D,  up  2  percent  over 
1978. 


R&D  AND  ECONOMIC  PROGRESS  (CHAPTER  4) 

Economists  have  in  recent  years  turned  their  attention 
increasingly  to  the  relation  of  research  and  development  to 
economic  progress  as  measured  by  such  indicators  as  gross 
national  product  and  productivity.  Although  there  are  many 
reservations  about  methods  and  data,  economists  have  agreed 
on  these  points: 


(1)  R&D  is  an  important  contributor  to  economic  growth 
and  productivity,  whether  measured  at  the  level  of 
the  firm,  an  industry  or  the  whole  economy. 

(2)  R&D  investments  by  industry  generate  relatively 
high  rates  of  return  compared  to  estimates  of 
return  on  other  types  of  investments. 

(3)  The  United  States  is  probably  under  investing  in 
the  civilian  R&D  sector  from  a  purely  economic 
growth/productivity  point  of  view. 

(4)  The  market  mechanism  by  itself  is  likely  to  lead 
to  an  underinvestment  in  research  and  development 
from  society's  point  of  view. 


The  last  two  points  are  usually  explained  by  the  lack 
of  appropriability  of  basic  research  results  on  one  hand, 
and  on  the  other,  high  risks  and  high  costs  associated  with 
some  socially  desirable  demonstration  and  development 
projects.   These  risks  and  costs  are  sometimes  viewed  as 
exceeding  the  capabilities  of  the  private  sector,  despite 
the  potential  of  high  overall  benefits  to  society. 

It  is  postulated  that  the  existence  of  these  conditions 
provides  a  rationale  for  action  by  government.   But  there  is 
no  consensus  on  the  proper  type  and  amount  of  government 
action.   The  approach  taken  to  date  has  been  to  increase 
government  funding  of  basic  research  and  to  initiate  limited 
experiments  to  alter  market  incentives.   However,  a  major 
Administration  policy  review  is  underway  in  the  area  of 
industrial  innovation  that  will  take  stock  of  these 
approaches  and  assess  the  need  for  enhanced  incentives.   For 
example,  it  has  been  suggested  that  Federal  tax  policies 
should  favor  R&D  expenditures,  and  that  regulations  on 
patents  and  health,  safety  and  environment  standards  might 
be  changed  to  increase  innovation.   There  is  growing  concern 
over  diversion  of  industrial  R&D  from  creating  new  and 
improved  products,  processes,  and  services  toward 
satisfaction  of  regulatory  constraints.   While  no  specific 
policy  responses  are  indicated  in  this  report,  the  studies 
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reviewed  in  Chapter  4  suggest  several  criteria  and 
guidelines  for  public  policy: 

1.  Federal  S&T  policy  and  practice  should  be 
consistent  with  economic  and  social  policy. 

2.  Federal  policy  and  practice  should  be  consistent 
over  time  and  should  avoid  constant  change  and 
uncertainties,  which  discourage  private  investment 

3.  Whenever  possible,  Federal  policy  and  practice 
should  reinforce  and  help  perfect  private  market 
forces  rather  than  substitute  for  them.  There  is 
growing  evidence  that  governments  tend  to  carry 
substitution  activities  too  far  or  remain  involved 
too  long. 


COMPARATIVE  PERFORMANCE  OF  U.S.  TECHNOLOGY  (CHAPTER  5) 

Aggregate  data  on  R&D  inputs  of  several  countries  show  a 
rise  in  rates  of  technological  investment  above  that  of  the 
U.S.  for  the  period  1963-1977.  These  data  include  research 
and  development  as  a  share  of  gross  national  product  and  the 
ratio  of  R&D  scientists  and  engineers  to  total  labor  force. 
The  relative  decline  of  the  U.S.  position  measured  by  these 
ratios  can  be  attributed  partially  to  the  reduction  in  U.S. 
Government  R&D  funds  since  1969  for  national  defense  and 
space.   While  industrial  R&D  funding  in  West  Germany  and 
Japan  has  narrowed  U.S.  leadership,  a  closer  look  at 
cross-national  data  on  R&D  spending  shows  that  the  R&D 
intensity  of  U.S.  manufacturing  industries  (the  ratio  of  R&D 
spending  to  value  added  in  manufacturing)  compared  favorably 
with  all  industrial  nations  through  1973  and  that  the  U.S. 
had,  in  general,  maintained  its  relative  position. 

Data  on  technological  output  (e.g.,  patenting, 
licensing,  and  international  earnings  from  R&D  intensive 
activities)  are  inadequate  to  enable  us  to  make  unqualified 
claims  regarding  U.S.  technological  capabilities.   Based  on 
the  data  we  do  have,  it  seems  fair  to  say  that  there  has 
been  little  or  no  erosion  in  U.S.  technological 
capabilities.   Neither  the  available  economic  nor  technical 
indicators  provide  hard  evidence  of  an  eroding  U.S. 
technical  position  which  can  be  tied  to  negative  economic 
consequences.   The  U.S.  continues  to  gain  strength  in  the 
commercial  exploitation  of  technology.   However,  in  specific 
technical  fields,  some  foreign  competitors  likely  will 
overtake  the  U.S.  and  some  will  fall  further  behind. 
Overall,  the  U.S.  appears  to  be  maintaining  its  scientific 
and  technological  advantage.   Nevertheless  it  would  be 
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advisable  to  continue  monitoring  the  trends.   Given 
continuing  evidence  of  high  private  and  social  returns,  it 
would  appear  prudent  for  the  U.S.  to  sustain,  or,  if 
possible,  to  increase  current  and  projected  investments  in 
R&D. 


BASIC  RESEARCH  IN  INDUSTRY  (CHAPTER  6) 

The  Adminstration  has  indicated  its  concern  over  the 
continued  health  of  innovation  in  the  industrial  sector  by 
launching  a  major  policy  review.  One  cause  of-the  concern  is 
industry's  alleged  shift  away  from  longer-term  research 
(basic  and  applied)  to  shorter-term  development  work  and  the 
implication  that  this  might  have  adverse  effects  on  U.S. 
economic  well-being. 

Over  the  1960-1977  period  there  has  been  indeed,  a 
gradual  shift  in  industry's  allocations  of  R&D  resources 
away  from  basic  and  applied  research  to  development.   At 
present  there  is  no  general  agreement  as  to  whether  this 
trend  will  have  an  adverse  effect  on  the  U.S.  economy.   One 
reason  for  this  is  the  extreme  difficulty  in  isolating  and 
measuring  the  contribution  of  basic  research  to  economic 
growth  and  industrial  development  relative  to  the 
contribution  of  other  R&D  categories. 

One  suggested  implication  of  the  decline  in  industrial 
basic  research  is  that  knowledge  transfer  or  dissemination 
mechanisms  will  gain  importance.   This  is  because  industry 
increasingly  is  relying  on  outside  contracts  for  basic 
research.   Judging  from  its  behavior,  industry  apparently 
believes  that  effective  transfer  is  possible  and  that 
researchers  in  other  sectors  are  prepared  to  deal  with 
industry's  interests  in  near  term  payoff. 

A  greater  role  for  industry  in  basic  research  may  be 
desired.   Industry  funding  of  more  basic  research  may 
improve  the  process  of  transforming  research  findings  into 
improved  productivity  and  output  growth,  and  might  expand 
the  research  base  of  the  economy.   Encouraging  research  in 
institutions  with  a  substantial  ability  to  cost  share  may 
enable  the  government  to  increase  the  leverage  of  a  given 
Federal  research  budget. 

Currently,  there  is  very  little  quantitative  evidence 
on  the  cost  and  effectiveness  of  alternative  incentives  for 
encouraging  research  and  development  and  innovative 
activity.   Even  less  is  known  about  the  impact  of  such 
policies  on  basic  research.   New  information  on  these  issues 
will  appear  during  the  Administration's  major  policy  review 
discussed  in  Chapter  1. 
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SOME  ISSUES  IN  SUPPORT  OF  ACADEMIC  SCIENCE  (CHAPTER  7) 


Universities  and  colleges  perform  over  half  of  all 
basic  research  in  the  Nation  and  receive  over  half  the 
Federal  Government's  funds  for  basic  research.   While 
Federal-university  ties  are  strong,  a  number  of  trends  have 
developed  that  cause  concern,  including: 

o   University  perceptions  of  pressure  to  conduct 
more  applied  research; 

o   Differential  rates  in  Federal  funding  by  field 
of  science  which  influences  the  supply  of 
researchers ; 

o   Declining  research  opportunities  for  new 
scientists;  and 

o   Deteriorating  instrumentation  and  other 

supporting  resources  for  academic  research. 

Considerable  concern  is  being  expressed  today  that 
failure  to  reverse  these  patterns  could  cause  a  serious 
erosion  of  the  Nation's  academic  research  base. 

Shift  to  Applied  Research 

Considering  funding  from  all  sources,  about  70  percent 
of  total  academic  R&D  expenditures  are  classified  as  basic 
research.   This  compares  with  about  77  percent  in  the  late 
sixties.   There  indeed  has  been  some  shift  toward  applied 
research  in  universities  and  colleges.   Although,  during  the 
seventies,  Federal  funding  to  the  academic  sector  has  placed 
slightly  greater  emphasis  on  basic  research,  here  too  until 
recently,  there  has  been  a  decline.   It  is  now  Federal 
policy  to  increase  basic  research  activity.   Since  basic 
research  concentrates  in  academia,  the  perceived  shifts  to 
applied  research  should  be  alleviated. 

Scientific  and  Technical  Manpower 

Colleges  and  universities  have  been  increasing  their 
employment  of  doctoral  scientists  and  engineers,  but  this 
sector  has  been  subject  to  a  number  of  financial  pressures 
that  may  affect  its  ability  to  continue  its  degree  of 
dominance  in  the  Nation's  basic  research  effort.   In 
recognition  of  this  possibility,  the  Administration's  1979 
budget  increase  for  basic  research  was  intended  to  address 
two  emerging  problems:  growing  obsolescence  of  equipment  and 
lack  of  opportunities  for  new  investigators. 


Equipment.    Although  the  obsolescence  of  university 
R&D  equipment  and  instrumentation  has  been  recognized  by  the 
Office  of  Management  and  Budget  and  funding  agencies, 
reliable  data  on  the  size  and  quality  of  university  R&D 
plant  and  equipment  are  not  available.   Further,  work  is 
needed  to  pin  down  the  age,  type,  and  geographic 
distribution  of  the  R&D  plant  so  that  Federal  programs  are 
both  fair  and  cost  effective. 

New  Investigators.    Much  of  the  concern  over  new 
investigators  in  academia  (generally  defined  as  those  who 
have  received  a  doctorate  degree  within  the  past  7  years) 
stems  from  the  high  proportion  of  tenured  faculty  resulting 
from  rapid  expansion  of  university  staffs  and  enrollments 
during  the  early  and  mid-1960's.   While  some  studies  show 
that  the  proportions  of  new  investigators  on  faculties  have 
declined  in  the  1970's,  others  do  not  suggest  faculty  aging 
or  bulges  in  the  tenured  and  near  retirement  age  groups.   It 
is  possible  that  continuing  low  probabilities  of  academic 
employment  may  reduce  new  entrants.   Federal  funding 
increases  for  academic  research  possibly  could  prevent  a 
shortage  of  competent  researchers  should  enrollment  increase 
and  employment  prospects  brighten. 
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CHAPTER  1 
STRATEGIC  OVERVIEW 


Although  we  are  not  ordinarily  conscious  of  it,  we  live 
in  a  remarkable  and  perhaps  unparalleled  age  of  scientific 
exploration  --  exploration  of  the  secrets  of  the  genetic 
code,  makeup  of  the  universe,  and  the  movement  of 
continents.   New  scientific  terrain  is  revealed  every  year. 
Consider  some  of  the  recent  accomplishments: 

o   Since  the  discovery  of  the  structure  of  DNA  25  years 
ago,  scientists  have  been  aware  of  the  tremendous 
potential  for  biological  change  from  the  restructuring 
of  this  basic  genetic  building  block.   Recently, 
techniques  for  the  enzymatic  recombination  of  the  DNA 
molecule  in  bacteria  have  been  developed.   This 
breakthrough  has  both  theoretical  and  practical 
implications:   it  provides  a  window  to  new  knowledge 
basic  to  cancer  research  and  research  on  embryological 
development,  as  well  as  a  potentially  broadly  applicable 
mechanism  for  the  production  of  such  useful  substances 
as  human  insulin  and  growth  hormones. 

o   Theorists  have  predicted  that  in  the  life  cycle  of 

certain  stars,  the  gravitational  forces  that  hold  the 
star  together  will  eventually  predominate  and  it  will 
collapse  into  a  mass  of  astounding  density.   Even  light 
would  be  captured  by  the  star's  intense  gravitational 
field,  making  it  a  black  hole  in  the  sky.   Astronomers 
in  the  past  year  have  found  evidence  of  the  existence  of 
such  black  holes. 

o   Radio  astronomers  believe  that  the  faint  radiation  that 
bathes  the  entire  universe  is  a  remnant  of  an  explosive 
event  at  the  birth  of  our  universe  some  15  to  20  billion 
years  ago:   the  "big  bang."   Sensitive  measurements  now 
reveal  a  slight  directional  bias  in  the  radiation.   This 
bias  is  interpreted  to  show  that  the  Milky  Way,  the 
galaxy  which  includes  our  Sun,  is  moving  with  respect  to 
the  universe  as  a  whole  at  a  velocity  of  about  600 
kilometers/ second . 

o   Geologists  have  collected  mounting  evidence  in  recent 
years  that  the  continents  are  attached  to  plates  that 
"float"  on  the  earth's  mantle.   Detailed  reconstructions 
have  been  made  of  the  history  of  this  tectonic  plate 
motion,  and  the  relationship  of  the  plate  movement  to 
earthquakes,  ore  bodies,  and  volcanism  is  being 
revealed . 


Americans  can  be  justly  proud  of  their  role  in  the 
advancement  of  science.   For  example,  U.S.  scientists  author 
almost  40  percent  of  the  world's  scientific  and  technical 
publications.   There  has  been  some  worry  though,  that  the 
continued  preeminence  of  American  science  is  threatened.   In 
the  late  1960's  and  early  1970's  there  was  a  decline  in  real 
dollars  in  the  level  of  support  for  U.S.  basic  research.   It 
was  believed  that  this  trend  would  lead  to  reduced 
scientific  productivity  in  the  future.   The  growth  in  basic 
research  funding  in  the  last  few  years  --  described  later  in 
this  report  --  should  help  maintain  our  scientific 
capability. 

Although  those  involved  in  basic  research  pursue  their 
work  to  better  understand  nature,  scientific  achievement,  in 
many  cases,  becomes  linked  to  technological  innovation  and 
economic  development.   In  a  simple  model  of  economic  change, 
the  sequence  proceeds  from  basic  research  to  applied 
research  and  development,  then  to  technological  innovation, 
and  finally  to  economic  growth  and  the  increase  in  social 
welfare.   Of  course,  our  actual  system  is  much  more  complex 
and  subtle  than  this  model  implies.   Often  applied  research 
or  even  development  will  open  new  avenues  of  inquiry  for 
basic  science,  and  all  basic  research  cannot  be  expected  to 
lead  directly  to  technological  advance.   Nonetheless,  a 
positive  relation  exists  between  research  and  development 
and  increased  social  and  economic  welfare.   Numerous  recent 
advances  in  technology  derive  from  recent  results  in  basic 
science: 

o   Advances  continue  to  be  made  in  the  development  of  large 
scale  integrated  circuits,  the  electronic  "brains"  of 
control  devices  and  computers.   As  the  density  of 
electronic  components  in  the  silicon  chips  that 
constitute  the  circuits  has  grown,  the  speed  of 
operation  has  increased  and  the  costs  have  declined 
dramatically.   The  advent  of  low-cost  computers  that 
this  advance  allows  may  well  bring  about  remarkable 
changes  in  our  society. 

o   The  prenatal  diagnosis  of  genetic  disorders  represents  a 
major  recent  technological  breakthrough  in  clinical 
genetic  counseling.   Sampling  of  amniotic  fluid, 
visualization  of  the  fetus,  fetal  blood  sampling,  and 
screening  of  maternal  blood  provide  new  methods  for 
diagnosis  of  disorders.   Not  only  do  these  techniques 
promote  informed  decision-making  in  genetic  counseling, 
but  they  also  add  new  knowledge  on  the  nature  of  genetic 
disease. 

o   A  new  technology,  integrated  optics,  promises  to 

transform  our  communications  systems  by  allowing  the 


high  speed  transfer  of  vast  amounts  of  information  using 
a  beam  of  light.   This  wide-band  communications  system 
will  make  possible,  for  example,  entirely  new  systems  in 
the  home  for  communication,  education,  and 
entertainment . 

As  science  and  technology  advance  and  we  unravel  more 
of  Nature's  secrets,  some  people  may  ask:   "Can  science 
solve  our  major  problems?"   The  experience  of  recent  decades 
suggests  that  often  too  much  has  been  expected  of  our 
scientific  and  technological  breakthroughs.   Consider  the 
different  expectations:   antibiotics  would  wipe  out  disease; 
the  atom  would  provide  an  endless  source  of  energy;  the 
green  revolution  would  conquer  world  hunger.   Failure  of 
technology  to  meet  our  expectations  is,  in  part,  a 
reflection  of  the  fact  that  each  new  advance  serves  not  only 
to  satisfy  old  needs,  but  also  to  create  new  needs  almost 
simultaneously. 

The  most  significant  thing  we  have  learned  may  be  that 
technological  solutions  are  unlikely  to  be  permanent  or 
complete  solutions.   Antibiotics  have  curbed  disease.   But 
as  they  have  helped  in  making  inroads  on  the  historic 
scourges  of  mankind's  health,  other  diseases  --  cancer, 
cardiovascular  disease,  diabetes  --  have  moved  to  the 
forefront.   The  atom  has  provided  a  new  and  important  source 
of  energy,  but  at  the  possible  cost  of  saddling  future 
generations  with  the  surveillance  and  safeguarding  of 
nuclear  waste.   Each  advance  seems  to  generate  new  problems 
as  it  solves  old  ones.   And  in  many  cases,  the  new  problems 
involve  thorny  institutional,  cultural,  or  political 
dimensions  that  are  difficult  to  resolve  satisfactorily. 

We  are  coming  to  realize  that  science  and  technology  by 
themselves  are  often  inadequate  to  insure  enhanced  social 
welfare.   As  a  result,  we  are  now  more  cautious  and  more 
sophisticated  in  our  assessment  of  technology.   We  now 
demand  critical  analyses  of  what  an  advance  can  and  cannot 
be  expected  to  do,  in  what  time  frame,  and  with'  what  social 
and  cultural  implications.   And,  we  try  to  count  costs  as 
well  as  benefits.   Indeed,  our  frame  of  reference  has 
expanded  so  that  we  often  try  to  assess  the  distant  effects 
of  a  new  technology  —  economic,  environmental,  and  social 
—  before  the  technology  has  even  been  shown  to  be 
workable.   Moreover,  while  decisions  to  encourage  a  new 
technology  may  not  be  irreversible,  they  can  involve  such 
large  commitments  of  resources  --  money,  people,  and 
facilities  --  that  careful  analysis  and  thorough  examination 
of  issues  are  required  to  insure  that  our  use  of  those 
resources  is  wise  and  in  the  public  interest. 
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As  a  leading  nation  in  the  global  system,  the  United 
States  has  a  particularly  important  role  in  nurturing 
scientific  and  technological  advance.   The  success  of  our 
effort  hinges  in  large  part  on  the  research  and  development 
(R&D)  programs  of  the  Federal  Government.   These  programs 
provide  support  for  more  than  half  of  all  the  Nation's  R&D 
work,  most  of  which  is  conducted  by  our  industry  and  our 
universities.   Obviously,  the  size,  shape,  and  thrust  of 
these  programs  is  crucial.   It  is  appropriate  that  we  take  < 
new  look  at  our  Federal  R&D  policy  in  the  context  of  past 
R&D  choices  and  our  current  national  position. 
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Viewing  R&D  as  an  investment  choice  implies  recognizing 
that  continuity  and  long-range  support  are  essential  to  the 
entire  scientific  and  technological  enterprise.   Although 


R&D  should  neither  be  disengaged  from  the  Federal  budget 
cycle  nor  be  locked  into  inflexible  plans,  the  design  and 
emphasis  of  our  R&D  programs  should  not  be  rehashed  and 
redirected  in  each  budget  cycle.   A  longer-term  approach 
would  allow  sufficient  continuity  so  that  programs  could 
build  momentum.   Moreover,  the  establishment  of  long-range 
goals  would  provide  benchmarks  for  measuring  our  progress. 
Perhaps  most  important,  a  multi-year  strategy  of  planning 
and  support  would  provide  needed  encouragement  to  our 
scientists  and  technicians  and  their  support  staffs.   If  we 
are  to  attract  and  hold  the  best  people  in  any  discipline  -- 
and  expect  them  to  produce  their  best  --  we  have  to  provide 
continuity  and  stability. 

A  related  and  recurring  issue  is  the  need  for  clearer 
understanding  on  how  the  burdens  and  responsibilities  for 
R&D  funding  should  be  shared.   For  example,  although  our 
long-range  goals  may  provide  guidance  in  choosing  areas  for 
emphasis  in  development,  there  remains  the  problem  of 
defining  the  appropriate  role  for  industry.   The  approach  in 
some  costly,  high  technology  fields,  such  as  the  generation 
of  nuclear  power,  has  been  for  the  Federal  Government  to 
carry  a  technology  well  into  the  demonstration  stage  before 
turning  it  over  to  the  private  sector. 

Many  believe  that  by  providing  incentives,  or  reducing 
risks  and  uncertainties,  industry  could  and  should  be 
brought  into  the  development  phase  much  earlier.    It  is 
argued  that  industry  can  be  far  more  effective  in 
development  than  the  government  because  of  its  greater 
sensitivity  to  market  forces.   Moreover,  the  costs  of 
development  might  well  be  less  if  industry  bears  part  of  the 
burden.   The  problem,  of  course,  is  designing  an  appropriate 
relationship  between  government  and  industry  in  each 
particular  situation.   The  approach  must  be  tailored  to  the 
structure  of  the  industry,  the  state  of  the  technology,  and 
the  market  for  the  innovation,  as  well  as  the  societal  need 
for  the  technology  and  its  accelerated  development. 
Continued  analysis  is  both  important  and  necessary.   During 
the  next  year,  the  Administration  will  give  high  priority  to 
such  analysis.   Chapters  4-7  of  this  report  are  designed  to 
provide  some  of  the  intellectual  foundations  for  that 
analysis. 

Another  strategic  issue  that  warrants  continued 
examination  is  enhancing  the  linkage  between  the  performers 
of  research,  in  particular  between  industry  and 
universities.   As  the  data  discussed  later  in  this  report 
indicates,  most  of  the  basic  research  in  the  United  States 
is  performed  in  a  university  setting,  whereas  the 
development  effort  is  largely  an  industrial  activity.   If 
the  desired  flow  of  information  is  to  occur,  as  well  as  the 


highly  valuable  cross  fertilization,  it  is  important  that 
industry-university  relationships  be  strengthened  and  that 
technology  transfer  mechanisms  be  improved.   The  National 
Science  Foundation  has  made  and  is  making  some  exploratory 
efforts  in  this  area,  as  has  the  Department  of  Defense's 
Advanced  Research  Project  Agency.   Some  states  are  having 
success  in  bringing  their  universities  and  industry  closer 
together.   Nonetheless,  continued  surveillance  is  warranted 
to  assure  that  the  organizational  structure  of  our  research 
enterprise  does  not  inhibit  the  flow  of  scientific  and 
technical  information. 


The  distribution  of  scientists  and  engineers  is  another 
important  issue.   It  has  always  been  difficult  to  regulate 
the  flow  of  men  and  women  into  the  various  science  and* 
engineering  fields,  to  provide  opportunity  for  our  trained 
talent,  and  to  match  that  talent  to  the  changing  needs  of 
government,  industry,  and  academia.   We  are  now  in  a 
particularly  trying  period  because  our  changing  demography 
is  leading  to  declining  enrollments  in  universities.   In  the 
United  States,  teaching  and  research  have  in  the  past  always 
been  considered  joint  products  of  the  higher  education 
system.   But  this  means  the  supply  of  researchers  is  heavily 
dependent  on  our  educational  requirements.   Given  the 
prospect  of  decreasing  enrollments,  many  recently  trained 
scientists  and  engineers  cannot  find  work  in  the  academic 
sector.   Since  these  individuals  represent  a  highly 
productive  resource,  we  need  to  re-examine  programs  and 
policies  concerning  these  new  investigators.  Better 
mechanisms  must  be  developed  for  anticipating  the  needs  of 
various  fields  and  directing  our  talent  to  them. 


The  adequacy  of  our  facilities  and  equipment  is 
hopefully  a  short-range  issue.   The  success  of  our  research 
and  development  effort  has  become  increasingly  tied  to  the 
use  of  larger,  more  sophisticated  equipment  and  facilities. 
Today's  work  demands  both  elaborate  equipment,  and  complex 
and  sensitive  instrumentation.   Moreover,  this  often  fragile 
gear  must  be  housed,  maintained,  and  serviced  properly.   Not 
surprisingly,  the  cost  of  such  equipment  has  grown  rapidly. 
Indeed,  inflation  has  struck  science  --  price  increases  of 
some  equipment  seem  to  take  quantum  leaps.   Concurrently, 
our  budget  allocations  have  not  kept  pace  with  the  cost 
increases  and  there  is  widespread  concern  that  we  have  an 
inventory  of  aging  equipment  that  may  need  replacement. 
More  precise  information  is  required  to  pinpoint  the  age, 
composition,  and  distribution  of  this  equipment.   In  some 
fields,  it  may  be  possible  to  alleviate  the  problem  by 
requiring  more  sharing  of  expensive  new  equipment  and 
facilities  than  has  been  typical  in  the  past.   Some 


experiments  in  equipment  sharing  are  being  conducted  by  the 
NSF.   Other  agencies  may  have  to  increase  their  efforts  as 
well. 

In  sum,  while  our  Federal  R&D  program  is  a  strong  one, 
many  policy  issues  concerning  our  national  science  and 
technology  activities  need  to  be  addressed.   Fair  and 
cost-effective  solutions  are  needed.   Among  these  concerns 
is  the  question  of  whether  the  Nation's  capability  to  remain 
technologically  innovative  is  adequate.   In  light  of  this 
concern,  the  President  has  directed  that  a  cabinet-level 
study  be  undertaken,  under  the  overall  direction  of  the 
Secretary  of  Commerce,  of  the  innovation  issue.   This  major 
review  has  the  aim  of  proposing  policy  options  to  the 
President  for  revision  of  Federal  policy,  where  appropriate, 
so  as  to  encourage  more  innovative  activity  by  industry. 
The  agenda  of  the  study  is  both  broad  and  ambitious.   But 
this  breadth  reflects  the  fact  that  the  problem  is  important 
and  the  policies  affecting  innovation  are  diverse.   Indeed, 
in  light  of  the  importance  of  the  study,  much  of  this  annual 
report  is  directed  at  issues  touching  on  innovation. 

President  Carter  has  stated: 


"The  growth  of  scientific  knowledge  and  its  use  in 
the  science  of  mankind  is  an  important  concern  of 
our  time  --  we  must  continue  to  invest  in  the 
development  of  fundamental  knowledge  to  help  meet 
the  challenge  and  opportunities  of  the  future." 


The  Administration  is  dedicated  to  assuring  that  our 
scientific  and  technological  strength  continues  to  grow.  We 
will  continue  to  work  to  resolve  the  problems  that  confront 
us. 


CHAPTER  2 

FEDERAL  FUNDING  OF  RESEARCH  AND  DEVELOPMENT: 

THE  LAST  TEN  YEARS 


Introduction 


For  many  years  the  scope  and  direction  of  research  and 
development  in  the  United  States  have  been  significantly 
effected  by  Federal  decisions.   These  decisions  cover  not 
only  the  amount  and  nature  of  R&D  funding  by"  the  various 
Federal  agencies  in  carrying  out  their  missions,  but  they 
also  cover  more  general  incentives  and  disincentives  to  the 
private  sector  such  as  taxes,  patents,  and  regulations.  At 
the  present  time,  both  the  direct  and  indirect  results  of 
the  location  and  purposes  of  R&D  funding  are  receiving 
increasing  attention,  as  are  the  most  suitable  roles  for  the 
public  and  private  sectors  in  achieving  specified  R&D  goals. 

This  chapter  focuses  on  the  Federal  role  in  R&D 
funding:  the  position  of  Federal  funding  within  the  total 
national  effort,  and  the  relationship  of  Federal  funding  to 
R&D  performance.   It  covers  recent  trends  in  Federal  R&D 
sponsorship,  shifts  in  the  shares  represented  by  the  various 
performers,  and  shifts  in  the  relative  shares  of  basic 
research,  applied  research,  and  development.  (1) 

Chapter  3  covers  the  most  recent  manifestation  of 
Federal  R&D  funding  decisions  as  found  in  the  budget  for 
fiscal  year  1979,  and  an  analysis  is  provided  of  the 
relationship  of  the  R&D  component  of  that  budget  to  the 
total  budget  on  a  functional  basis.   Taken  together,  these 
two  chapters  present  some  of  the  most  important  areas  of  R&D 
impact  and  point  up  the  chief  directions  of  Federal  funding 
at  the  present  time. 

Federal  R&D  Funding  Within  a  National  Context 

Total  national  R&D  expenditures  are  expected  to  exceed 
$50  billion  in  1979,  an  increase  of  nearly  9  percent  over 
the  1978  level  and  double  the  amount  spent  10  years 
earlier.   In  constant  dollars  (2),  however,  the  national  R&D 
spending  level  has  grown  only  slightly  over  the  decade  as  a 
whole,  but  has  increased  by  an  estimated  16  percent  since 
1975.  (chart  2-1).  The  national  total,  in  real  (constant 
dollars)  terms,  is  still  not  much  higher  than  in  1969. 
Behind  the  rises  of  the  last  few  years  are  increased 
expenditures  on  the  part  of  both  industry  and  Federal 
agencies,  the  latter  directed  especially  to  R&D  programs  in 
defense,  space,  and  energy. 
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As  a  share  of  the  gross  national  product  (GNP),  total 
national  R&D  expenditures  have  fallen  from  2.7  percent  in 
1969  to  2.3  percent  in  1977  (latest  year  for  which  actual 
expenditure  data  are  available).  National  R&D  expenditures, 
while  growing,  were  not  growing  as  fast  as  the  overall 
economy.   It  is  worth  noting,  that  the  ratio  of  "civilian" 
R&D  efforts  (those  that  exclude  efforts  devoted  to  defense 
and  space)  to  GNP  has  remained  almost  constant  in  the 
1969-77  period  at  1.5  percent  in  most  years. 

Between  1969  and  1975  Federal  funding  for  research  and 
development  declined  17  percent  in  constant  dollars,  while 
non-Federal  funding  (mostly  industrial)  increased  8 
percent.   Since  1975  real  Federal  and  non-Federal  support 
have  both  grown:  the  Federal  portion  by  1*4  percent  and  the 
non-Federal  portion  by  19  percent  (based  on  1979  estimates) 

Participation  by  Sectors 

Each  sector  of  the  economy — government,  industry, 
universities  and  colleges,  and  other  nonprofit 
institutions--plays  an  essential  role  in  the  maintenance  of 
a  strong  R&D  capability.   In  terms  of  performance  (as 
measured  in  dollars)  industry  is  the  leading  sector. 
However,  in  terms  of  financial  support  the  Federal 
Government  has  always  accounted  for  the  majority  of 
funding.   In  the  last  10  years,  though,  the  share  of 
national  R&D  expenditures  provided  by  Federal  agencies  has 
dropped  from  58  percent  in  1969  to  an  estimated  50  percent 
in  1979.   The  share  of  industry  has  meanwhile  grown  from  39 
percent  to  an  estimated  46  percent. 

The  Federal  Government  thus  provides  support  for 
one-half  of  the  national  R&D  effort,  but  the  extent  of 
support  varies  by  sector.   Federal  agencies  currently  fund 
more  than  one-third  of  the  R&D  work  of  industrial  firms, 
two-thirds  of  the  R&D  activities  conducted  at  universities 
and  colleges,  and  more  than  two-thirds  of  those  carried  out 
by  other  nonprofit  institutions  (chart  2-2). 

In  the  last  decade  industry,  in  general,  has  become 
less  dependent  on  the  Federal  Government  for  R&D  support 
although  companies  in  aircraft  and  missiles  and  in 
electrical  equipment  and  communication  have  remained 
strongly  reliant  on  Federal  support.   Steady  growth  in 
industrial  R&D  expenditures  since  1970  has  been  largely  the 
result  of  industry  investment  on  its  own  account.   Such 
investment  can  be  considered  as  directed  almost  entirely  to 
civilian  undertakings,  as  is  industry  performance  for  the 
Federal  Government  in  energy,  health,  transportation,  and 
space  applications  (space  programs  intended  to  benefit  the 
civilian  sector,  such  as  aeronautical  research  and 

10 


s 


: 

- 

~ 

mil 

i 

«J 

CO    CO 

H- 

_  i 

< 

CO 

LU     LD 

— 

< 

O 

i— 

—  O 

8" 
8^ 

o 

a:  o 

^2 

<c 

o3 

or 

< 

uj  o 

C£. 

-2: 

< 

o 

1— 

Qi 

2  2 

cu  ►— 
IE  to 

»— 
CO 

=3 

rD  <c 

< 

LlJ 

CD  <C 

^  S  =i 

D   o3    d 

<  <  >  o 

2    2    O    h- 


CO 


1 1 1    uli     cn 
13    CO     y- 


3-.  LLJ 


n- 


2  5 

I  5 

<  _. 

co  < 

Q  O 

1  < 

*»  z 


34-376   O  -  78  -  3 


technology,  and  earth  resources  detection  and  monitoring). 
In  the  last  10  years  the  trend  has  been  for  Federal  R&D 
sponsorship  to  also  shift  toward  civilian  programs  relative 
to  those  for  defense  weapons  systems  and  space  exploration 
and  technology  (although  in  1979  the  shift  may  be  reversed) 
(chart  2-3). 

Character  of  Work 

Almost  two-thirds  of  the  national  R&D  total  is  devoted 
to  development  activities,  almost  one-fourth  to  applied 
research,  and  one-eighth  to  basic  research.   These  relative 
proportions  of  support  by  type  of  activity  have  not  varied 
greatly  over  the  past  decade. 

Basic  research  represented  13.^  percent  of  the  national 
R&D  total  in  1969  and  will  represent  an  estimated  12.5 
percent  in  1978.   Such  a  decline  is  largely  a  reflection  of 
the  relatively  slow  rate  of  growth  in  Federal  support  to 
basic  research.  This  is  the  area  in  which  Federal  support 
plays  the  largest  role,  currently  accounting  for  about 
two-thirds  of  the  entire  national  basic  research  effort 
(chart  2-4).   Most  of  the  basic  research  of  Federal  agencies 
is  performed  in  universities  and  colleges  and  FFRDC's 
(Federally  funded  research  and  development  centers) 
administered  by  universities. 

In  the  case  of  applied  research,  slightly  more  than 
one-half  of  the  funding  for  the  entire  national  effort  has 
been  provided  by  the  Federal  Government  in  the  past  decade. 
Most  of  the  remaining  support  has  been  provided  by 
industry.   Applied  research  has  risen  slightly  as  a  share  of 
the  national  R&D  total,  because  of  growing  programs  in  both 
the  Federal  and  non-Federal  sectors.   Applied  research  is 
performed  chiefly  by  industrial  firms--56  percent—and  next 
by  government  laboratories--22  percent  (based  on  estimates 
for  1978). 

At  present,  Federal  support  accounts  for  slightly  less 
than  one-half  of  all  national  development  efforts  with 
industrial  support  accounting  for  virtually  all  of  the 
rest.   In  1969  Federal  agencies  supported  three-fifths  of 
the  total.   The  relative  shift  in  support  from  the  Federal 
Government  to  industry  has  been  largely  caused  by  a  decline 
in  Federal  development  programs  in  defense  and  space, 
although  since  1976  development  in  these  areas,  as  well  as 
the  energy  area,  has  been  expanded.  The  performance  of 
development  work  has  always  been  chiefly  carried  out  by 
industry,  whatever  the  source  of  support.   Industrial  firms 
are  currently  responsible  for  85  percent  of  national 
performance. 
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Trends  in  Federal  R&D  Funding 

Federal  obligations  have  grown  significantly  in  the 
1975-79  period,  totaling  $27.9  billion  in  the  President's 
1979  budget  request  (3).   The  leading  agencies  in  Federal 
R&D  support  are  the  Department  of  Defense  (DOD),  the 
National  Aeronautics  and  Space  Administration  (NASA),  the 
Department  of  Energy  (DOE)  (M),  and  the  Department  of 
Health,  Education,  and  Welfare  (HEW).   These  four  agencies 
have  represented  between  88  percent  and  92  percent  of  the 
Federal  R&D  total  throughout  the  1969-79  decade.  Next  in 
size  of  support  have  been  the  National  Science.  Foundation 
(NSF)  and  the  Department  of  Agriculture  (USDA)  (chart  2-5). 

In  the  latest  budget,  the  basic  research  programs  of 
all  these  agencies  have  been  significantly  increased.   One 
issue  that  has  been  raised  many  times  in  recent  years  is  the 
impact  on  the  economy,  on  universities,  on  private  industry, 
and  on  the  scientific  community  of  Federal  support  to  basic 
research,  and  the  possible  consequences  of  insufficient 
funding.   The  1979  budget  was  the  third  consecutive  budget 
to  emphasize  support  to  basic  research  as  a  Federal 
responsibility.   In  these  budgets  a  deliberate  policy  was 
adopted  of  increasing  the  support  of  basic  research  at  rates 
ahead  of  inflation.   The  effects  of  this  policy  are  already 
apparent.  Since  1976  Federal  basic  research  obligations  have 
increased  by  25  percent  in  constant  dollars,  with  the  FY 
1979  total  ($3.6  billion)  expected  to  be  the  highest  in 
history  in  real  terms.   By  comparison,  between  1969  and  1976 
funding  had  declined  by  more  than  10  percent  after  adjusting 
for  inflation. 

In  1978  and  1979,  the  basic  research  share  of  the 
Federal  R&D  total  is  expected  to  be  13  percent,  up  from  11 
percent  in  1969  (chart  2-6).   Chief  support  agencies  have 
been  HEW,  NSF,  NASA,  DOE,  and  DOD.   Together  these  agencies 
will  account  for  an  estimated  85  percent  of  total  Federal 
basic  research  support  in  1979.   Over  the  past  10  years  HEW 
has  been  the  leader,  concentrating  in  the  biomedical  field; 
its  share  of  the  Federal  basic  research  total  has  increased 
from  one-fifth  in  1969  to  one-fourth  in  the  1979  budget. 
NSF,  ranking  second  in  basic  research  support,  has  also 
increased  its  share  of  the  total  to  more  than  one-fifth, 
with  support  spread  over  all  the  science  disciplines  and 
engineering.   By  contrast,  a  decline  in  basic  research 
funding  by  DOD  and  NASA  resulted  in  a  combined  share  for 
these  agencies  of  only  22  percent  of  the  Federal  total  in 
1976  compared  with  36  percent  in  1969.   Since  1976,  however, 
the  shares  of  these  agencies  have  risen  somewhat.   Increased 
emphasis  has  also  been  placed  on  basic  research  support  by 
DOE  since  1975,  for  work  in  the  basic  energy  sciences,  in 
high-energy  physics,  and  on  the  fundamental  behavior  of 
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atomic  particles,  matter,  and  energy.   In  1979  DOE  is 
expected  to  account  for  one-eighth  of  the  Federal  basic 
research  total. 

Federal  applied  research  obligations  are  expected  to 
reach  $6.7  billion  in  1979,  an  increase  of  22  percent  in 
constant  dollars  over  the  1969  level  (chart  2-6).   During 
this  10-year  period,  the  applied  research  share  of  the 
Federal  R&D  total  has  risen  from  19  percent  to  24  percent. 
Applied  research  growth  has  been  mainly  sustained  by  HEW  and 
DOD  programs  over  the  long  term,  with  much  of  the  gain 
related  to  support  of  biomedical  research  and  -to  military 
technology  base  efforts.   Together  DOD  and  HEW  are  expected 
to  account  for  three-fifths  of  the  Federal  applied  research 
total  in  1979-   NASA  is  next  in  size  of  support  with  an 
estimated  14  percent  of  the  total.   The  NASA  applied 
research  effort  is  primarily  directed  to  aeronautical 
research  and  technology,  to  space  research  and  technology, 
and  to  earth  resources  detection  and  monitoring.   DOE,  now 
representing  9  percent  of  the  total,  supports  applied 
research  in  the  physical,  environmental,  and  life  sciences 
related  to  nuclear  and  non-nuclear  technology  applications 
and  environmental  health  and  safety  assessment. 

Although  development  funding  is  proposed  at  a  high  of 
$17.5  billion  in  the  1979  budget,  or  63  percent  of  the 
Federal  R&D  total,  a  slight  drop  from  1978  is  anticipated  in 
real  terms  (chart  2-6).  This  reflects  a  DOE  funding  decrease 
for  nuclear  programs  as  the  result  of  an  Administration 
decision  to  terminate  the  Clinch  River  breeder  reactor 
demonstration  project.   Despite  substantial  increases  in 
Federal  development  support  since  1977,  a  loss  of  13  percent 
in  constant  dollars  is  seen  between  1969  and  1979.   The 
1977,  1978,  and  1979  increases  reflect  recent  DOD  and  NASA 
growth  and  the  expanded  energy  programs  of  DOE.   Together 
these  three  agencies  have  accounted  for  most  of  the  Federal 
development  support  in  the  past  decade. 
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FOOTNOTES 


1.  For  purposes  of  this  report,  "basic  research"  is 
generally  defined  as  that  directed  toward  increases  of 
knowledge  in  science.   The  objective  is  a  fuller  knowledge 
or  understanding  of  the  subject  under  study,  rather  than  a 
practical  application  thereof.   Applied  research  is  directed 
toward  practical  application  of  knowledge.   Development  is 
the  systematic  use  of  scientific  knowledge  directed  toward 
the  production  of  useful  materials,  devices,  systems  or 
methods,  including  design  and  development  of-  prototypes  and 
processes.   Slightly  different  definitions  are  used  by  NSF 
in  an  industrial  context.   See  NSF  77-310,  National  Patterns 
of  R&D  Resources,  1953-1977. 

2.  In  the  absence  of  a  reliable  R&D  cost  index  the  GNP 
price  deflator  was  used  for  years  previous  to  and  including 
1977,  and  estimates  were  made  for  inflation  in  1978  and 
1979. 

3.  The  total  for  Federal  R&D  funding  is  cited  in 
obligations  since  Federal  agencies  most  frequently  set  forth 
their  programs  in  these  dollars.   The  time  frame  is  also  the 
fiscal  year.   Data  in  the  preceding  portion  of  this  chapter 
were  based  on  expenditures  and  on  calendar  years,  as  well  as 
on  reporting  by  performers  rather  than  source.   These 
differences  cause  slight  discrepancies  in  the  size  of  shares 
of  various  components  within  the  R&D  total,  but  they  do  not 
distort  long-term  trends. 

4.  Formerly  the  Energy  Research  and  Development 
Administration  (ERDA)  and  the  Atomic  Energy  Commission 
(AEC). 
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CHAPTER  3 

FEDERAL  FUNDING  OF  RESEARCH  AND  DEVELOPMENT: 

THE  1979  BUDGET 


Research  and  Development  in  the  1979  Budget 

In  the  Federal  budget  for  1979,  designated  national 
needs  are  represented  by  16  broad  areas  termed  budget 
functions.   Of  these,  15  contain  an  R&D  component  (table 
3-1).   A  view  of  R&D  programs  (1)  within  each  budget 
function  is  provided  here  to_  consider  the  role  assigned  to 
research  and  development  in  meeting  the  various  national 
needs  designated  in  the  budget  structure.    Within  each 
functional  area,  the  various  Federal  programs  are  classified 
in  such  a  way  that  all  the  functions  and  programs  add  to  100 
percent  of  the  budget  with  no  overlap.   Thus,  the  R&D 
programs  within  the  functions  are  also  additive  to  the  total 
of  the  R&D  component  of  the  budget.   The  share  of  the  R&D 
component  within  each  function  is  calculated  to  show  the 
part  that  R&D  activities  play  in  those  areas  of  national 
need.   The  share  of  each  functional  area  within  the  R&D 
total  is  also  calculated  to  reveal  R&D  priorities. 

Some  of  the  major  Administration  decisions  regarding 
the  conduct  of  research  and  development  in  fiscal  year  1979 
are: 

(1)  A  5  percent  increase  over  inflation  in 
Federal  support  of  basic  research  (2); 

(2)  Decreased  emphasis  on  demonstration 
projects  at  major  commercial  scale; 

(3)  Continued  development  of  the  space  shuttle 
system,  and  procurement  of  four,  rather 
than  five  shuttle  orbiters  for  operation 
from  both  East  and  West  Coasts; 

(4)  The  cancellation  of  the  breeder  reactor 
demonstration  plant  at  Clinch  River, 
Tennessee  with  funds  included  to 
accelerate  investigations  of  alternative 
breeder  concepts; 

(5)  An  expanded  interagency  climate  research 
program. 

The  President's  1979  budget  proposed  $27.9  billion  in 
budget  authority  (3)  for  conduct  of  research  and 
development,  an  increase  of  7  percent  above  1978.   Allowing 
for  inflation,  an  increase  of  just  under  1  percent  results, 
compared  with  real  growth  of  approximately  3  percent  from 
1977  to  1978. 
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TABLE  3-1 

Budget  Authority  for  Research  and  Development 
by  Budget  Function 

(Dollars  in  millions) 


Function 

1977        1978        1979 
Actual      Estimate     Estimate 

Total  

$  23,759     $  26  039     $  27  862 

National  defense  

11  796       12  745       13  803 

Space  research  and  technology  

3,337        3  477        3  751 

Energy  

2  554        3  070        3  186 

Health 

2,590       2,885        3,015 
978        1,052        1,135 
772          863         885 
670         751         799 
444         501         511 

General  science  and  basic  research  

Natural  resources  and  environment  

Transportation  

Agriculture  

Education,  training,  employment^ and 

231          261         279 

Community  and  regional  development  

87         108         126 
105         112         113 

63          67          82 

53          52          79 

41          43          47 

32          43          42 

8          10          9 

Listed  in  descending  order  of  1979  R&D  budget  authority.  One  budget  function — 
general  sciences,  space,  and  technology — has  been  divided  into  two  functions  in 

this  analysis:  space  research  and  technology,  and  general  science  and  basic 
research. 
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Ratios  of  R&D  programs  to  total  budget  authority  differ 
considerably  from  function  to  function.   Overall,  the 
Federal  Government  now  spends  about  5  cents  out  of  every 
dollar  for  R&D  activities,  but  in  the  national  defense  area 
the  amount  is  11  cents  out  of  every  dollar;  in  space 
research  and  technology,  97  cents;  in  energy,  33  cents;  in 
health  almost  6  cents;  in  general  science,  83  cents;  and  in 
natural  resources  and  environment,  7  cents  (chart  3-2). 

Of  the  budget  functions  with  an  R&D  component,  eight 
comprise  97  percent  of  the  funds  budgeted  for  research  and 
development.   These  are  national  defense,  spaee  research  and 
technology,  energy,  health,  general  science  and  basic 
research,  natural  resources  and  environment,  transportation, 
and  agriculture.   Of  these  eight  functions,  three  are 
expected  to  show  an  R&D  funding  increase  or  remain  at  the 
same  level  in  1979  after  an  allowance  is  made  for 
inflation.   These  are  national  defense,  space  research  and 
technology,  and  general  science  and  basic  research,  (chart 
3-3). 

The  following  subsections  discuss  the  eight  functions 

in  terms  of  their  most  significant  R&D  program  emphases  in 

the  1979  budget  and  the  relation  of  R&D  totals  to  function 
totals. 
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NATIONAL  DEFENSE 

The  Department  of  Defense  (DOD)  has  planned  significant 
increases  in  "technology  base"  and  "advanced  technology 
development"  in  1979  (table  3-4) .   These  research  areas 
(which  include  some  development)  are  one  key  to  our  national 
security,  since  they  provide  the  foundation  for  new  military 
technologies.   Technology  base  includes  basic  research  in 
fields  relevant  to  military  missions  as  well  as  applied 
research  toward  the  solution  of  broadly  defined  problems  in 
such  areas  as  missile  and  aircraft  technology,  strike 
warfare  weaponry,  and  aerospace  flight  dynamies.   Advanced 
technology  development  includes  at  the  present  time  major 
thrusts  in  advanced  land  mobility  systems  concepts,  ship 
propulsion,  advanced  radiation  technology,  the  turbine 
engine  gas  generator,  and  high-energy  lasers.   They  are  the 
source  of  ideas  and  inventiveness  that  lead  to  new  weapons 
systems  and  to  the  improvement  of  existing  systems. 

During  fiscal  year  1978,  at  the  request  of  DOD,  the 
Office  of  Science  and  Technology  Policy  initiated  and  is 
presently  supervising  an  in-depth  review  of  DOD's  basic 
research  activities  and  requirements.  This  study  should 
have  an  impact  on  the  nature  and  funding  of  DOD  research 
programs  in  the  years  ahead. 

Science  and  technology  are  also  playing  a  major  role  in 
the  U.S.  arms  control  and  disarmament  program,  including 
such  vital  initiatives  as  the  Strategic  Arms  Limitation 
Treaty  and  a  Comprehensive  Test  Ban  Treaty.   The 
Administration's  nuclear  non-proliferation  initiative  also 
depends  on  advances  in  research  and  development.   As  a  major 
part  of  this  effort,  the  international  fuel  cycle  evaluation 
program,  now  involving  approximately  40  countries,  is 
designed  to  investigate  a  broad  range  of  activities,  from 
the  mining  of  uranium  to  the  management  of  radioactive 
waste. 

Another  initiative  to  give  NATO  greater  military 
strength  has  been  closer  in-depth  cooperative  technological 
efforts  through  the  alliance.   The  goal  of  this  initiative 
is  to  improve  efficiency  and  mutual  support  so  that  NATO  can 
compete  on  more  nearly  equal  expenditure  terms  with  the 
Warsaw  Pact  nations.  This  will  involve  the  selective  sharing 
of  technology,  cooperative  R&D  programs,  and  co-production 
and  buying  of  each  other's  equipment. 

THE  1979  BUDGET 

The  1979  budget  provides  for  an  8  percent  increase  in 
R&D  budget  authority  for  national  defense  to  $13-8  billion. 
Two  agencies — The  Department  of  Defense  (DOD)  and  the 
Department  of  Energy  (DOE) — make  up  virtually  all  the  R&D 
program  effort  within  the  national  defense  function.   Major 
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TABLE  3-4 

R&D  Budget  Authority  for  National  Defense 
(Dollars  in  millions) 


Total 


Department  of  Defense 


Research,  development,  test,  and  evaluation 


$   11,796 

$   12,745 

$   13,803 

10,898 

11,756 

12,776 

10/85 

11,297 

12,323 

Technology  base  , 

Advanced  technology  development  . . , 

Strategic  programs  , 

Tactical  programs 

Intelligence  and  communications  ... 
Programwide  management  and  support 


Other  appropriations 


Department  of  Energy 


Weapons  research,  development  and  testing 

Naval  reactor  development  

Inertial  confinement  fusion  

Nuclear  caterials  security  and  safeguards 

Intelligence  and  arms  control  

Special  nuclear  materials-process  develop- 
ment   


US  Arms  Control  and  Disarmament  Agency 


1977 
Actual 


1,678 
528 

2,328 

3,872 
795 

1,284 

413 


895 


561 

192 

80 

27 

20 

14 


1978 
Estimate 


1,797 
487 

2,536 

4,383 
828 

1,266 

459 


986 


589 

217 

104 

38 

25 

14 


1979 
Estimate 


2,000 
593 
2,178 
5,051 
1,095 
1,406 

453 


1,023 


585 

266 

92 

40 

28 

12 


Note:   Detail  may  not  add  to  totals  because  of  rounding. 
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R&D  decisions  occur  in  the  following  R&D  areas: 


o  Real  growth  of  7  percent  in  technology  base 
(which  includes  all  basic  research  efforts) 
and  advanced  technology  development; 

o   Under  strategic  systems  the  continued  development 
of  the  M-X  intercontinental  ballistic 
missile,  strategic  submarine  systems,  and 
the  air-launched  cruise  missile; 

o   Under  tactical  systems  the  development  of  systems 
to  improve  early  combat  capability  for  U.S. 
forces  in  the  defense  of  Western  Europe; 

o   Continued  defense  support  for  the  NASA  space 
shuttle  program. 

The  R&D  component  of  national  defense  as  a  share  of 
total  support  for  this  function  remains  unchanged--10 . 7 
percent  in  1978  and  the  same  ratio  in  1979. 

The  DOD  program  of  research  and  development  reflects  an 
increase  of  9  percent  in  1979.   DOD,  the  sole  agency 
supporting  basic  research  under  the  national  defense 
function,  has  requested  an  increase  of  14  percent  for  basic 
research. 

The  DOD  increase  for  technology  base  is  $203  million, 
or  more  than  11  percent.  This  activity  is  composed  of  basic 
research  and  applied  research  plus  exploratory  development 
and  early  development  of  defense  technology. 

A  decline  of  $358  million  in  strategic  programs  for 
1979  results  primarily  from  a  decrease  in  funding  for 
development  of  the  B-l  bomber  as  development  nears 
completion.   The  1979  budget  provides,  however,  for  the 
continued  development  of  the  air-launched  cruise  missile 
(ALCM),  the  M-X  intercontinental  ballistic  missile,  the 
Trident  II  missile  system,  and  the  Trident  II  submarine. 

The  proposed  increase  of  $668  million  for  tactical 
programs  in  1979  relates  to  improvement  of  early  combat 
capability.   Among  the  most  important  tactical  programs  are 
the  Army  advanced  attack  helicopter  (AAH)  and  the  Patriot 
air  defense  missile  system;  the  Navy  and  Air  Force  F-18  and 
F-16  air  combat  fighters  and  complementary  air-to-air 
missiles;  and  the  Navy  LAMPS  anti-submarine-warfare 
helicopter. 

DOE  defense-related  R&D  activities  are  expected  to 
increase  4  percent  in  1979.   Although  proposed  decreases  in 
funding  for  testing  of  atomic  weapons  will  more  than  offset 
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increases  in  weapons  research  and  development,  a  requested 
increase  of  $49  million  for  naval  reactor  development 
accounts  for  the  overall  increase. 
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SPACE  RESEARCH  AND  TECHNOLOGY 


The  National  Aeronautics  and  Space  Administration 
(NASA),  pursues  a  broad  range  of  activities  in  space 
designed  to  explore  the  solar  system  and  universe,  and  to 
consolidate  gains  in  the  knowledge  and  technological 
capability  that  are  made  in  Earth-orbiting  activities. 

The  reusable  space  transportation  system  is  a  major 
element  of  the  United  States  space  program.   Its  use  is 
expected  to  enhance  the  effective  use  of  space  for  domestic 
purposes  and  defense.   The  key  element  of  the  space 
transportation  system  —  the  space  shuttle  --  is  in  the 
final  stages  of  development.   Its  first  free  flights  took 
place  last  year  and  its  first  orbital  flight  will  take  place 
during  FY  1979.   The  President  has  decided  to  proceed  with 
the  development  of  the  second  shuttle  launch  site  at 
Vandenberg  Air  Force  Base.  He  has  also  decided  to  proceed 
with  the  production  of  four  operational  orbiters  --  with  an 
option  to  increase  production  if  early  experience  indicates 
that  the  approved  fleet  is  inadequate. 

This  rapidly  maturing  system  will  provide  the  United 
States  with  enhanced  capability  to  employ  large  structures, 
gather  solar  power,  deploy  more  effective  communications 
systems  and  explore  for  industrial  use  of  space. 

In  1983,  the  shuttle  will  be  used  to  launch  the  space 
telescope.   For  the  first  time,  astronomers  will  not  be 
limited  by  the  blurring  effect  of  the  atmosphere,  nor  by  the 
scattered  light.   They  will  have  a  full  24  hours  per  day  to 
observe.   Besides  improving  spatial  resolution  almost  100 
times  over  that  typically  available  on  the  ground,  the  space 
telescope  will  detect  objects  7  to  10  times  fainter  than  can 
be  detected  with  ground  based  telescopes. 

Planetary  exploration  was  initiated  in  the  early 
1960s.   By  1981,  the  reconnaissance  of  the  planets,  as  far 
away  as  Saturn,  will  be  an  accomplished  fact,  as  will  the 
initial  exploration  of  most  of  the  inner  planets.   The  next 
step  in  the  strategy  is  to  begin  exploration  of  the  giant 
outer  planets.   In  the  Galileo  project,  an  orbiter  will  be 
sent  to  the  largest  solar  system  planet,  Jupiter.   The 
purpose  of  the  mission  is  to  study  Jupiter's  dynamic 
primordial  atmosphere,  strange  hurricane-like  Red  Spot, 
intense  radiation  belts,  and  over  a  dozen  satellites. 
Accompanying  the  orbiter  to  Jupiter  will  be  an  atmospheric 
entry  probe  which  will  descend  by  parachute  through  the 
clouds  and  atmosphere  of  Jupiter,  measuring  their 
composition,  pressure  and  temperature. 

In  the  area  of  Earth  observation  from  space,  NASA's 
major  thrust  is  to  explore  for  non-renewable  resources, 
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identify  geological  hazards  and  determine  the  potential  of 
satellites  in  assessing  renewable  resources,  including 
agricultural  productivity  over  the  globe.   The  major  space 
system  dedicated  to  these  investigations  is  the  Landsat 
project.  Three  Landsats  have  already  been  launched  and  their 
multispectral  images  have  produced  valuable  information  in 
each  of  the  above  areas. 

A  key  decision  of  this  Administration  was  to  proceed 
with  a  fourth  Landsat  (Landsat  D)  equipped  with  improved 
thermatic  mapping  capabilities  and  scheduled  to  be  launched 
in  1981.   International  interest  in  Earth  resources  remote 
sensing  is  widespread  and  growing.   Foreign-funded  ground 
stations  are  now  operating  in  Brazil,  Italy  and  Canada  (two 
facilities).   Another  station  is  under  construction  in  Iran 
and  others  are  being  planned  by  Argentina,  Chile,  India  and 
Zaire.   Australia,  Japan  and  Sweden  are  among  other 
countries  presently  considering  such  an  investment. 

THE  1979  BUDGET 

Total  R&D  budget  authority  requested  for  space  research 
and  technology  in  1979  is  $3,751  million,  an  increase  of 
almost  8  percent  (table  3-5).   Major  decisions  include  the 
following: 

o   Continued  development  of  the  space  shuttle  system 
and  procurement  of  four  shuttle  orbiters  for 
operation  from  both  East  and  West  Coasts; 

o   Development  of  a  satellite  system  for  measuring 
energy  radiation  to  and  from  Earth,  as  part 
of  the  Administration's  climate  research 
initiative; 

o   Development  of  a  spacecraft  to  study  the  polar 
regions  of  the  Sun  for  the  first  time. 

Space  R&D  represents  97%  of  the  total  funds  provided 
for  the  Nation's  space  activities. 


Space  flight:  Requested  budget  authority  for  R&D 
support  of  the  space  flight  mission  for  1979  is  4  percent 
higher  than  1978  to  an  estimated  $2.2  billion.   The  shuttle 
development  program  is  now  at  its  peak  with  estimated  budget 
authority  of  $1.3  billion  in  1978  and  $1.4  billion  in  1979. 
Space  shuttle  development  is  progressing  toward  the  first 
orbital  flight  in  1979  and  initial  operational  capability  in 
1980. 

Space  science,  applications,  and  technology:   Requested 
budget  authority  for  R&D  support  of  this  mission  increased 
16  percent  in  1979  to  $1.2  billion.   In  the  physics  and 
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TABLE  3-5 
R&D  Budget  Authority  for  Space  Research  and  Technology 

(Dollars  in  millions) 


1977 
Actual 

1978 

Estimate 

1979 

Estimate 

Total  

$  3,337 

$  3,477 

$  3,751 

Space  flight  (NASA)  

2,094 
943 

2,120 
1,034 

2,203 

Space  sciences,  applications,  and  technology 
(NASA)  

1,197 

Space  sciences  

484 

515 

625 

Physics  and  astronomy  

243 

208 

33 

307 

163 

45 

370 

203 

Life  sciences  

:  52 

Space  and  terrestrial  applications  

289 

144 

26 

333 

155 

31 

378 

Space  research  and  technology  

167 

27 

Supporing  activities  (NASA)  

300 

323 

351 

Note:  Detail  nay  not  add  to  totals  because  of  rounding. 
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astronomy  program  areas,  the  1979  budget  pr 
solar  mission  to  send  two  spacecraft  past  J 
a  trajectory  that  will  permit  study  of  the 
the  Sun.   The  budget  request  also  provides 
funds  for  work  on  the  space  telescope  to  be 
space  shuttle  in  1983.   Increases  proposed 
and  planetary  exploration  include  the  Jupit 
(JOP)  initiated  in  1978  and  expected  to  be 
space  shuttle  in  early  1982. 

An  increase  of  more  than  13  percent  is 
support  of  space  and  terrestrial  applicatio 
included  for  an  Earth  radiation  budget  sate 
part  of  the  Administration's  initiative  in 
research.  Emphasis  is  also  given  to  contin 
of  ongoing  missions,  such  as-the  Landsat-C 
resources  satellites,  the  Nimbus-G  environm 
monitoring  satellite,  the  Tiros-N  next  gene 
satellite,  and  the  Seasat-A  ocean  condition 
satellite . 


o poses  a  new 
upiter  to  achieve 
polar  regions  of 
for  a  doubling  of 

launched  by  the 
in  1979  for  lunar 
er  orbiter  probe 
launched  by  the 

proposed  for  R&D 
ns.   Funds  are 
llite  system  as 
climate 

ued  development 
and  D  Earth 
ental  quality 
ration  weather 

monitoring 


32 


ENERGY 


Energy  Research  and  Development 

The  Nation's  energy  R&D  program  is  central  to  our 
economic  growth  and  to  preserving  the  quality  of  our 
environment.  The  program  must  simultaneously  pursue  a  number 
of  technological  and  conservation  options  to  help  make  the 
transition  from  dependence  on  limited  and  costly  fuels  to 
new  energy  resources,  technologies  and  conservation 
techniquest  for  the  future. 

Programs  in  the  new  Department  of  Energy  (DOE)  include 
the  development  of  technologies  for  increasing  domestic  oil 
and  gas  production;  mining  and  burning  coal  more  efficiently 
and  cleanly;  producing  high  Btu  synthetic  gas;  pursuing 
better  means  to  extract  oil  and  gas  from  shale;  advancing 
geothermal  power  production;  and  supporting  the  development 
of  a  broad  range  of  solar  energy  options  --  thermal 
applications,  solar  electric  applications,  including  wind, 
photovoltaic,  and  ocean-thermal  power,  and  biomass 
conversion. 

DOE  is  also  working  on  the  many  challenges  of  nuclear 
energy,  with  particular  emphasis  on  seeking  acceptable  fuel 
cycles  that  would  preclude  the  potential  problems  associated 
with  a  breeder  reactor  based  on  plutonium.   Emphasis  is  also 
being  placed  on  developing  sound  nuclear  waste  management 
programs  to  assure  that  radioactive  material  is  safely 
isolated  from  the  biosphere. 


Research  and  development  continue  in  magnetic  fusion, 
and  enough  progress  has  occurred  to  demonstrate  actual 
reactor  level  plasma  conditions  and  to  provide  the  necessary 
foundation  for  engineering  development. 

The  Federal  Government  currently  funds  approximately 
two-thirds  of  the  national  R&D  effort  in  energy,  ana 
industry  provides  almost  all  of  the  remaining  R&D  support. 
In  nuclear  energy  almost  all  work  is  federally  supported 
whereas  in  fossil  fuels  most  of  the  work  is  supported  by 
industry.   In  renewable  resources  and  in  energy-related 
environment  and  conservation  R&D  undertakings,  most  support 
is  provided  by  the  Federal  Government. 

THE  1979  BUDGET 

R&D  and  R&D  plant  (4)  budget  authority  for  energy  in 
the  1979  budget  is  expected  to  rise  1.8  percent  to  $3,666 
million  (table  3-6).  The  budget  proposals  for  1979  cover 
programs  in  four  major  energy  mission  areas.   Three  of  these 
mission  areas--energy  supply,  energy  conservation,  and 
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TABLE  3-6 


R&D  and  R&D  Plant  Budget  Authority  for  Energy 
(Dollars  In  millions) 


1977 
Actual 

1978 
Estimate 

1979 

Estimate 

Total  

$3,004 

$  3,602 

$  3,666 

Energy  supply  

2,700 

3,106 

3,028 

Renewable  resources  (DOE)  

664 

831 

844 

316 

221 

53 

59 

13 

2 

325 

303 

106 

66 

21 

10 

334 

309 

130 

36 

27 

Hydroelectric  

8 

Fossil  fuels  (DOE)  

535 

684 

725 

469 
47 
19 

579 
75 
31 

618 

80 

26 

Alternate  fuels 

1 

Nuclear  fission  (DOE)  

918 

772 

656 

708 

181 

29 

517 

227 

28 

367 

279 

10 

Environment  

279 

349 

324 

184 
95 

218 
131 

209 

115 

14  7 
156 

285 
185 

248 

232 

Energy  Conservation   

185 

365 

483 

117 

60 

8 

267 

91 

8 

360 

Electric  energy  systems  and  energy  storage  (DOE) 

98 
25 

Energy  Information,  Policy  and  Regulation  

119 

132 

156 

119 

132 

156 

Note:   Detail  may  not  add  to  totals  because  of  rounding. 

34 


energy  information,  policy,  and  regulation — involve  major 
R&D  and  R&D  plant  programs.   The  fourth  area,  emergency 
energy  preparedness,  contains  no  R&D  programs.   Under  the 
first  three  mission  areas,  the  requested  1979  budget  gives 
special  emphasis  to  the  following: 


o   A  32  percent  increase  in  budget  authority  for 
conservation  research  and  development; 


A  233  percent  increase  in  budget  authority  for 
expansion  of  the  energy  extension  service 
nationwide; 

A  29  percent  reduction  in  the  breeder  reactor 
program  joined  with  a  thorough  analysis  of 
advanced  nuclear  options; 

A  26  percent  increase  in  supporting  technology 
activities  to  expand  the  knowledge  base  in 
science  and  engineering; 

Maintenance  of  a  strong  fossil  fuels  R&D  program 
with  emphasis  on  cleaner  coal  combustion  and 
conversion  of  coal  to  liquid  and  gaseous 
fuels; 

Emphasis  on  greater  use  of  renewable  energy 
resources,  including  development  of  solar 
technology. 


In  the  energy  function,  R&D  and  R&D  plant  are  expected 
to  decline  from  a  60  percent  share  of  total  budget  authority 
in  1977  to  a  38  percent  share  in  the  1979  request 
(contrasted  with  33  percent  if  R&D  plant  is  omitted).  This 
decline  is  primarily  the  net  result  of  decreases  in  total 
budget  authority  for  energy  supply,  which  consists  mostly  of 
R&D  and  R&D  plant  programs,  and  large  increases  in  emergency 
energy  preparedness,  which  does  not  involve  any  research  and 
development. 

Energy  Supply 

Energy  supply  accounts  for  83  percent  of  the  energy  R&D 
and  R&D  plant  budget  authority  requested  in  1979.   With  the 
exception  of  one  environment-related  energy  program  of  the 
Environmental  Protection  Agency  (EPA),  all  of  the  energy 
supply  programs  are  sponsored  by  DOE.   The  net  reduction  of 
$77  million  in  1979  for  R&D  and  R&D  plant  budget  authority 
for  energy  supply  reflects  cutbacks  in  the  nuclear  fission 
area. 
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Renewable  resources:  emphasis  is  on  solar  electric 
applications  (including  solar  power  stations),  photovoltaic 
energy  conversion  systems,  wind  energy  conversion  systems, 
and  ocean  thermal  energy  conversion.  Fusion  will  continue  to 
grow  in  1979  toward  development  and  demonstration  of  pure 
fusion  central  electric  generation.   The  geothermal  program 
reflects  a  22  percent  increase. 

Fossil  fuels:  major  efforts  in  coal  research, 
development,  and  demonstration  are  aimed  at  effective 
utilization  of  the  Nation's  most  plentiful  fossil  fuel 
resource.   The  1979  budget  includes  funds  to  initiate  a 
demonstration  of  the  solvent  refined  coal  process.   Efforts 
will  also  continue  in  direct  hydrogenation,  pyrolysis,  and 
indirect  liquefaction  techniques,  and  in  high-Btu,  low-Btu, 
and  in   situ  gasification  techniques. 

Nuclear  fission  program:  redirected  toward  development 
of  advanced  systems  that  minimize  risks  of  international 
nuclear  weapons  proliferation.  Reductions  result  from  a 
planned  cancellation  of  the  breeder  demonstration  plant  at 
Clinch  River,  Tennessee;  completion  of  the  Fast  Flux  Test 
Facility  (FFTF)  at  the  Hanford  Engineering  Development 
Laboratory,  Washington;  and  a  general  reduction  in  breeder 
technology  support  programs.   Investigations  of  alternative 
breeder  concepts  will  be  accelerated  and  budget  authority 
increased  for  work  on  nonbreeder  technologies. 

Additional  energy  supply  programs:  these  include 
environment  related  work,  fuel  cycle  and  waste  management, 
and  supporting  technology,  the  last  with  a  26  percent 
increase . 

Energy  Conservation 

Energy  conservation,  which  comprises  13  percent  of  the 
total  energy  R&D  and  R&D  plant  budget  authority,  reflects  a 
requested  increase  of  32  percent  in  1979.  End  use 
conservation  programs,  electric  energy  systems  and  energy 
storage  programs,  and  the  energy  extension  service  are  the 
three  chief  program  areas. 

Energy  Information,  Policy,  and  Regulation 

This  area  comprises  a  very  small  portion  of  total 
energy  R&D  and  R&D  plant  budget  authority.  The  work  is 
carried  out  by  the  Nuclear  Regulatory  Commission  and  shows 
an  R&D  increase  of  18  percent  in  1979. 
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HEALTH 

Research  on  the  Prevention  of  Disease 

The  Nation's  concern  with  its  health  care  delivery 
system  has  been  rising  sharply,  prompted  principally  by  the 
cost  of  health  care,  but  also  by  the  likelihood  that  a 
significant  portion  of  our  health  problems  are  attributable 
to  new  environmental  stresses  in  our  society.   There  is  a 
growing  belief  that  the  rising  cost  of  health  care  can  be 
controlled,  and  overall  health  improved,  by  increasing  our 
understanding  of  the  underlying  causes  of  diseases  and 
medical  problems,  and  working  toward  prevention.   Investing 
in  this  approach  could  eventually  result  in  substantial 
returns  by  way  of  reducing  our  dependency  on  the  costly 
medical  technologies  used  to  treat  degenerative  conditions 
and  advanced  stages  of  diseases. 

One  result  of  these  beliefs  has  been  a  shift  within  the 
research  funding  of  the  National  Institutes  of  Health 
towards  basic  research.   In  the  FY  1979  budget,  increased 
funding  is  anticipated  for  research  in  such  areas  as 
reproductive  and  developmental  biology,  immunology,  the 
cellular  and  molecular  basis  of  diseases,  and  genetics. 

In  its  focus  on  disease  prevention  and  health 
promotion,  NIH  has  assisted  in  the  development  of  a  new 
Public  Health  Service  strategy  that  will  emphasize  research 
related  to  "lifestyle",  "environment",  and  "services". 

Major  program  increases  have  also  been  projected  for 
the  National  Institute  of  Child  Health  and  Human  Development 
for  1979.   These  will  permit  new  initiatives  in  several 
important  areas,  including  research  on  those  influences  in 
childhood  that  contribute  to  self-destructive  behavior  in 
later  life,  with  emphasis  on  smoking.   Emphasis  is  also 
being  placed  on  adolescent  health  and  the  prevention  of 
unwanted  pregnancy. 

THE  1979  BUDGET 

Budget  authority  for  the  conduct  of  research  and 
development  in  support  of  the  health  function  is  expected  to 
increase  almost  5  percent  in  1979  to  $3,015  million  (table 
3-7).   The  following  are  the  chief  upward  changes: 

o   An  increase  of  $127  million  in  basic 
research,  to  $967  million,  in  1979; 

o   An  increase  of  $32  million  for  research 
in  reproduction  and  the  biological  and 
behavioral  aspects  of  development; 
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TABLE  3-7 


R&D  Budget  Authority  for  Health 
(Dollars  in  millions) 


Total 


National  Institutes  of  Health  (HEV) 


National  Cancer  Institute  

National  Heart,  Lung,  and  Blood  Institute . 

National  Institute  of  Arthritis,  Metabolism, 

and  Digestive  Diseases  

National  Institute  of  Child  Health  and  Hc=an 

Dcvclopoent  

Natlooal  Institute  of  General  Medical  Science: 
National  Institute  of  Neurological  and  Cocau 

nicative  Disorders  and  Stroke  

National  Institute  of  Allergy  ajid  Infectious 

Diseases  

Division  of  Research  Resources 

National  Eye  Institute 

National  Institute  of  Environmental  Health 

Sciences  

National  Institute  of  Dental  Research  

National  Tnsc-;tijte  of  Aging  

Other  NIH  prograas  


Alcohol,  Drug  Abuse,  and  Mental  Health 
Adalnistration  (HEW)  


General  mental  health 

Drug  abuse  

Alcohol  abuse    


Center   for   Disease   Control    (HEW) 


Occupational    safety    and   health 
Disease   control 


Food   and  Drug  Administration    (HEV) 

Drugs   and   devices    

Food    


National  Center  for  Toxicologlcal  Research  ... 
P-adlological  health  


Assistant  Secretary  for  Health  (HEW) 

Health  Care  Financing  Adalnistration  (HEW)  ... 

Health  Services  Adalnistration  (HEW)  

Special  foreign  currency  program  (HDJ)  ., 

Occupational  Safety  and  Health  Administration 

(Labor)  

Consumer  Product  Safety  Coxaission  


1977 
ctual 


$  2,590 


722 
377 


136 
159 

149 

134 

137 

59 

47 
52 
28 
31 


153 


107 
34 
12 


1978 

stlcate 


$  2,885 


779 
420 


244 


156 
182 


1979 
stiaate 


S  3.015 


2.603 


797 
426 


249 


190 
183 


173 


154 

159 

145 

149 

80 

82 

59 

64 

58 

58 

35 

36 

33 

3- 

203 


12 

135 

34 

46 

16 

21 

54 

58 

59 

41 
13 

40 
18 

45 
14 

41 

47 

47 

Note;   Detail  nay  not  add  to  totals  because  of  rounding. 
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An  increase  of  $40  million  for  research 
in  mental  health  and  substance  abuse. 


Health  R&D  budget  authority  as  a  share  of  total  health 
budget  authority  is  expected  to  continue  to  decline--from 
6.4  percent  in  1977  to  an  estimated  5.7  percent  in  1979. 
The  decrease  reflects  the  continuance  of  proportionately 
large  increases  in  Medicare  and  Medicaid  programs. 

The  R&D  programs  of  NIH,  which  represent  more  than  86 
percent  of  total  health  R&D  support,  will  increase  almost  4 
percent  in  1979.   The  budget  for  NIH  reveals  a  12  percent 
increase  in  basic  research  to  $856  million  while  applied 
research  is  expected  to  remain  at  about  the  1978  level  of 
$1,471  million. 

Almost  one-half  of  the  NIH  funds  are  devoted  to  two 
institutes:  the  National  Cancer  Institute,  and  the  National 
Heart,  Lung,  and  Blood  Institute.   However,  the  largest  1979 
increase,  $34  million,  is  requested  for  the  Institute  of 
Child  Health  and  Human  Development. 

An  increase  of  25  percent  in  R&D  programs  of  the  HEW 
Alcohol,  Drug  Abuse,  and  Mental  Health  Administration 
(ADAMHA)  is  proposed  for  1979.  The  basic  research  portion  of 
this  program  will  increase  52  percent  to  an  estimated  $97 
million.   These  increases  reflect  recommendations  of  the 
President's  Commission  on  Mental  Health. 
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GENERAL  SCIENCE  AND  BASIC  RESEARCH 

The  general  science  and  basic  research  function  covers 
R&D  programs  that  are  supported  for  general  improvement  of 
the  Nation's  scientific  base  rather  than  for  the  direct 
support  of  a  specific  mission  such  as  national  defense  or 
agriculture.  Under  this  function  are  found  all  R&D  programs 
sponsored  by  the  National  Science  Foundation  (NSF)  and  three 
programs  sponsored  by  the  DOE. 

Conduct  of  research  in  the  general  science  and  basic 
research  function  accounts  for  83  percent  of  the  total 
Federal  budget  authority  for  this  function  in  1978  and 
1979.   The  remaining  portion  consists  primarily  of  R&D  plant 
support  and  NSF  science  education  activities. 

THE  1979  BUDGET 

General  science  and  basic  research  is  expected  to 
increase  8  percent  to  $1,135  million  requested  in  1979 
(table  3-8).   The  following  activities  are  specially 
featured : 


o   An  increase  of  8  percent  to  $1,047  million 
in  1979  for  basic  research  as  part  of  a 
government  wide  effort  to  continue  real 
growth  in  support  of  such  research; 


An  increase  of  $8  million  over  1978,  to  a 
total  of  $26  million  in  1979,  for  the 
earthquake  hazards  mitigation  program; 


o   An  increase  of  3  percent  in  budget  authority, 
to  $194  million,  in  high  energy  physics. 

National  Science  Foundation  (NSF):  The  1979  budget 
requested  an  increase  of  10  percent  in  budget  authority  for 
NSF  R&D  programs  in  1979  to  $829  million.   This  figure 
includes  the  NSF  basic  research  effort  which  is  expected  to 
increase  10  percent,  to  $755  million. 

Department  of  Energy  (DOE):  An  increase  of  3  percent  in 
budget  authority  for  1979  is  proposed  for  research  in  high 
energy  physics,  nuclear  physics  and  the  biomedical  and  life 
sciences  taken  as  a  group. 

1979  TOTAL  BASIC  RESEARCH  BUDGET:   ALL  FUNCTIONS 

The  1979  budget  is  focused  on  continued  real  growth  in 
the  overall  level  of  funding  for  basic  research.   Most 
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TABLE  3-8 
R&D  Budget  Authority  for  General  Science  and  Basic  Research 

(Dollars  in  millions) 


1977        1978        1979 

Actual      Estimate     Estimate 

Total  

$   978       $  1,052      $  1,135 

National  Science  Foundation 

697          754         829 

Mathematics,  physical  sciences,  and 

223          236         257 

Astronomical,  atmospheric,  earth,  and  ocean 

170          190         206 

Biological,  behavioral,  and  social  sciences  

127          142         158 
5 

Applied  science  and  research  applications  

62           58          74 
37           41          44 

Scientific,  technological,  and  international 

17           17          18 

11           8          12 

4           5           6 

45           52          55 

Department  of  Energy... 

281          299         307 

170          188         194 

65           69          73 

Life  sciences  research  and  biomedical 

46           42          40 

Note:  Detail  may  not  add  to  totals  because  of  rounding. 
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Federal  basic  research  funds  are  shown  under  functions  other 
than  the  general  science  and  basic  research  function,  since 
most  basic  research  programs  are  directly  connected  with 
designated  needs  or  missions.   General  science  and  basic 
research  encompasses  less  than  one-third  of  the  total  budget 
authority  for  the  conduct  of  basic  research  across  all 
functional  categories  in  1979 — estimated  at  $3,637  million 
(table  3-9).   This  latter  figure  represents  an  increase  of 
11  percent  over  the  1978  level  and  about  5  percent  above 
anticipated  inflation. 


Among  the  eight  functions  where  R&D  programs  play  a 
significant  role,  energy  ref-lects  the  largest  relative 
funding  increase  in  basic  research--17  percent,  followed 
health  with  a  15  percent  increase;  national  defense  with 
percent;  space  research  and  technology  with  11  percent; 
transportation  with  9  percent;  agriculture  with  9  percent 
natural  resources  and  environment  with  9  percent;  and 
general  sciences  and  basic  research  with  8  percent. 
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TABLE     3-9 
Budget   Authority   for   Basic   Research  by   Function 
(Dollars    in  millions) 


Function 


Total 


General  science  and  basic  research 


National  Science  Foundation 
Department  of  Energy   


All  other  functions 


Health 

Space  research  and  technology , 

Nat  ional  defense 

Natural  resources  and  environment  . . . 

Agriculture 

Energy 

Transportation 

Education,    training,    employment,    and 

social  services   

Administration  of  justice    

Veterans  benefits   

Commerce  and  housing  credit    

Community  and   regional  development    . . 

Gene  ral  government    

International  affairs   

Income  security   


1977 
Actual 


1978 
Estimate 


$   2,893 


$  3,267 


887 


971 


625 
262 


688 
283 


2,006 


2,296 


736 
369 
290 
190 
169 
129 
46 


8A0 
410 
320 
221 
205 
150 
59 


1979 
E  stimate 


$   3,637 


755 
292 


2.590 


967 
456 
364 
241 
223 
176 
65 


41 

50 

56 

9 

12 

14 

9 

10 

10 

8 

8 

10 

7 

9 

8 

1/ 
1/ 
2 

1/ 
1/ 

1 

1/ 
1/ 

-  Less  than S500, 000, 
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34-376   O  -  78  -  5 


NATURAL  RESOURCES  AND  ENVIRONMENT 


Environmental  Research  and  Development 

At  present,  19  Federal  agencies  are  engaged  in 
environmental  programs.   The  R&D  portion  of  these  programs 
has  been  estimated  at  more  than  $2  billion  in  1979  when  all 
environment-related  work  is  taken  into  account.   The  total 
for  environment  programs  within  the  budget  function  is,  of 
course,  much  lower.   The  Nation's  environmental  agenda  focus 
heavily  on  air  and  water  quality,  land  and  coastal  zone 
management,  ocean  pollution,  and  the  preservation  of  our 
wilderness  and  wildlife. 

The  Administration  places  great  importance  on 
environmental  research  and  development  to  achieve  a 
systematic  approach  to  regulation.   Establishing  baseline 
environmental  information  and  increased  understanding  of  the 
environment  is  essential  to  our  knowing  how  and  to  what 
extent  our  activities  are  affecting  our  environment  and,  in 
turn,  how  this  might  affect  us. 

Because  of  a  growing  awareness  of  the  relationship  of 
environmental  quality  to  human  health,  emphasis  will 
continue  to  be  placed  on  health-related  areas  as  well.   The 
Environmental  Protection  Agency  (EPA)  is  pursuing  research 
related  to  the  health  effects  of  pollutants  and  has 
initiated  an  anticipatory  research  program.   The  purpose  of 
this  program  is  to  identify  environmental  problems  before 
they  arise,  and  develop  new  knowledge  of  fundamental 
environmental  principles  and  concepts.   The  topical  areas 
include  the  determination  of  the  relationship  of  cancer  and 
chronic  diseases  to  pollutant  exposure;  the  development  of 
exposure  monitoring  concepts  and  techniques;  the  migration, 
degradation  and  environmental  stresses  of  pollutants  in  the 
ecosphere.   The  topical  areas  also  include  the  development 
of  early  warning  methods  for  detecting  the  presence  of  new 
pollutants  and  trends  related  to  them  and  the  development  of 
baseline  monitoring  techniques  for  detecting  future  trends 
and  environmental  stresses,  such  as  acid  rain. 

The  importance  of  the  health  effects  of  pollutants  is 
highlighted  by  some  estimates  that  the  majority  of  human 
cancers  are  caused  by  physical  and  chemical  agents  in  the 
environment.   An  EPA  Carcinogen  Assessment  Group  (CAG)  has 
recently  been  established  to  identify  carcinogens  in  the 
atmosphere,  to  estimate  the  population  at  risk  of  exposure, 
and  to  seek  ways  to  reduce  the  risk  of  cancer  from  such 
exposure.   CAG  has  developed  strategies  for  the  regulation 
of  air  and  drinking  water  pollutants  suspected  or  known  to 
be  carcinogenic  . 
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Previous  pollutant  health  effects  research  has 
concentrated  on  studies  of  acute  high  doses  and  their 
effects  on  people.   However,  much  more  severe  damage  to 
people  and  the  environment  may  be  occurring  through 
cumulative,  low-dose  exposure.  EPA  is  now  supporting 
research  to  evaluate  the  chronic  effects  of  such  exposure. 
It  is  also  accelerating  work  on  the  development  of 
biochemical  markers  to  screen  for  potential  chronic  effects 
and  rapid  techniques  and  protocols  for  monitoring  and 
evaluating  biological  effects  of  toxicants. 

THE  1979  BUDGET 

The  President  proposed  an  increase  in  R&D  budget 
authority  for  natural  resources  and  environment  of  less  than 
3  percent  in  1979  to  $885  million  with  special  emphasis  on 
the  following  (table  3-10): 

o   Additional  funds  to  EPA  for  an 

anticipatory  research  program  to  identify 
potential  environmental  problems  before  they 
arise ; 

o   Expanded  interagency  climate  research  program 
efforts  with  the  National  Oceanic  and 
Atmospheric  Administration  (NOAA)  as  the 
lead  agency. 


R&D  budget  authority  for  natural  resources  and 
environment  as  a  share  of  total  Federal  budget  authority  for 
this  function  was  8.2  percent  in  1977,  and  is  estimated  at 
7.0  percent  in  1979. 

The  proposed  increase  of  $19  million  in  1979  for  R&D 
budget  authority  for  EPA  within  the  natural  resources  and 
environment  function  includes  a  $9  million  increase  to  $30 
million  for  basic  research  to  support  the  anticipatory 
research  program  and  for  continuing  R&D  efforts  in 
designated  pollution  problems.   The  requested  1979  increase 
for  the  NOAA  research  program  is  $17  million.   This  includes 
an  increase  of  $8  million  for  research  as  part  of  the 
climate  initiative  as  well  as  increased  funds  for  the  NOAA 
basic  research  program.   An  increase  of  $7  million  in  1979 
is  proposed  for  R&D  programs  of  the  Geological  Survey  (GS), 
which  will  include  maintenance  of  the  1978  level  of  $28 
million  for  the  GS  earthquake  hazards  assessment  program. 
A  decline  in  R&D  efforts  of  the  Bureau  of  Mines  reflects 
elimination  of  the  mined  land  demonstration  program. 

Climate  Research;   Functional  Crosscut 

A  major  factor  in  the  success  or  failure  of  our 
agricultural  enterprise  is  the  impact  of  the  climate.   The 
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TABLE  3-10 


R&D  Budget  Authority  for  National  Resources  and  Environment 
(Dollars  in  millions) 


Total 


Environmental  Protection  Agency  • 

National  Oceanic  and  Atmospheric 

Administration  (Conferee)  


Ocean  fisheries  and  living  carine  resources  , 

Sea  grant  program  

Basic  environmental  services  

Pacific  forecast  and  varning  services  

Marine  technology  

Marine  ecosysceas  analyses  and  ocean  dumping 

Environmental  satellite  services  

International  projects  

Veather  modification  

Other  programs  (including  administration)  


Geological  Survey  (Interior) 


Ccologic  and  nincral  resources  surveys  and 

capping 

V'atcr  resources  investigations  

Earthquake  hazards  assessment  

Land  inf orcjt ion  and  analysis  

Other  


Forest  Service  (USDA) 


Forest  and  range  management  research  .... 

Forest  protection  research  

Forest  products  and  engineering  research 

Forest  resource  economics  research  


Bureau  of  Mines  (Interior), 


Coal  mining  health  and  safety  

Metallurgy  research  

Mining  environmental  research  

Metal  and  nonmctal  health  and  safety  

Advancing  metal  and  nonmctal  dining  technology 
Mined  land  demonstrations  


Fish  and  Wildlife  Service  (Interior) 

Office  of  Water  Research  and  Technology  (Interior) 
Other  (Interior) 


1977        1978 
Actual      Estimate 


$  772 


195 


150 


46 
16 
16 

9 
14 

8 

6 
10 

5 
20 


129 


91 


114 


30 
36 
15 
6 
6 
20 


28 
19 
23 


Dcpartccnt  of  Defense  Corp"   of  Engineers  J      24 


$   863 


216 

165 


5? 
19 

17 

9 
17 
8 
7 
8 
5 
22 


156 


102 


114 


40 
27 
13 
9 
6 
19 


28 


1979 
Est  irate 


$   885 


235 


182 


55 

20 

20 

12 

12 

12 

9 

8 

6 

28 


163 


78 

35 

ro 

20 

28 

31 

10 

28 

23 

10 

10 

12 

11 

5 

2 

99 


97 


32 
27 
23 


28 


Note:   Detail  nay  not  odd  to  totals  because  of  rounding. 
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severity  of  the  winters  of  1977  and  1978,  with  a  nationwide 
summer  drought  in  between,  has  been  cited,  along  with  more 
extensive  research  findings,  as  possible  evidence  that  we 
may  be  on  the  threshold  of  unfavorable  climate  and  weather 
change.   Although  the  evidence  is  not  conclusive,  and 
disagreement  remains  within  the  scientific  community  over 
the  possibility,  nature,  and  extent  of  such  change,  there  is 
strong  agreement  that  increased  and  specially  targeted 
climate  research  is  in  the  national  interest  at  this  time. 

The  Administration  has,  therefore,  initiated  a  new 
interagency  U.S.  climate  program,  with  NOAA,  within  the 
Department  of  Commerce,  as  the  lead  agency.   The  goals  of 
the  program  are  to  develop  further  the  ability  to  understand 
and  anticipate  climate  fluctuations  so  that  the  Nation  can 
better  prepare  for  the  effects  of  climate  anomalies  and  to 
identify  the  impact  and  potential  influence  of  people  on 
regional  and  global  climate.   Among  those  research  areas  on 
which  the  program  will  focus  are:  climate  modeling  to  permit 
valid  forecasts  of  conditions  that  affect  food  production, 
fuel  distribution,  and  resource  management;  global 
monitoring  and  analysis  of  climatically  important 
atmospheric  constituents,  such  as  carbon  dioxide  and  ozone; 
and  research  to  improve  our  understanding  of  the  ocean's 
role  in  year-to-year  climate  variability. 


THE  1979  BUDGET 


Eight  Federal  agencies  are  included  in  this  major 
climate  initiative.   Budget  authority  would  be  expanded  from 
an  estimated  $76  million  in  1978  to  $104  million  in  1979 — an 
increase  of  38  percent  (table  3-11).   Of  this  total,  $31 
million  would  be  allocated  to  research  efforts  specifically, 
with  the  rest  directed  to  research  related  activities. 
Important  efforts  proposed  for  1979  include  the  following: 

o  The  development  of  satellite  sensors  for 
ozone  and  Earth  radition  monitoring; 

o  A  major  field  study  in  the  equatorial  Pacific  of 
annual  fluctuations,  intensity  and  spacial 
distribution  of  heat  input  to  the  atmosphere; 

o   Basic  research  on  the  carbon  dioxide  levels 
in  the  atmosphere  and  oceans. 


Aside  from  NOAA,  participating  agencies  are  the 
Departments  of  Agriculture,  Defense,  Energy,  and  the 
Interior,  EPA,  NASA,  and  NSF.  The  programs  of  these  agencies 
(which  are  discussed  elswehere  in  this  chapter)  include 
efforts  falling  within  the  following  broad  categories: 
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Assessment  of  the  impact  of  climatic 
variability  on  the  economy  of  the  nation; 

Diagnosis  and  projection  of  short-term  climatic 
fluctuations ; 

Research  to  gain  basic  understanding  of 
natural  climate  variability  and  human  impact 
on  climate; 

Observations  by  satellites  and  other  means 
to  help  define  climatic  states  and  to 
investigate  processes  that  determine  climate 
and  climatic  variation; 

Data  management  to  support  climate  research  and 
services. 
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TRANSPORTATION 


While  the  basic  goals 
Transportation  (DOT)  still 
objectives  as  economic  deve 
of  the  public  transportatio 
include  energy  conservation 
improved  safety,  and  improv 
programs  of  DOT  have  focuse 
transportation  issues  such 
develop  policy  for  domestic 
waterways  and  fuel  distribu 
conducted  programs  on  trans 
advanced  rail  freight  syste 
data  research. 


of  the  Department  of 

include  such  long-standing 

lopment,  and  efficient  management 

n  sector,  its  concerns  also 

,  environmental  protection, 

ed  resource  allocation.   The  R&D 

d  on  many  important 

as  transportation  planning,  to 

air  service  networks,  inland 
tion  facilities.  It  has  also 
portation  energy  efficiency, 
ms ,  noise  abatement  and  cargo 


All  DOT  subdivisio 
development.  These  are 
Coast  Guard,  the  Federa 
Federal  Highway  Adminis 
Administration,  the  Nat 
Administration  and  the 
Administration.  All  ha 
aimed  at  improving  the 
reducing  the  environmen 
addition,  DOT  has  estab 
Programs  Directorate  th 
for  the  management  of  h 
underground  constructio 
transportation. 


ns  engage  in  resear 
Office  of  the  Seer 
1  Aviation  Administ 
tration,  the  Federa 
ional  Highway  Traff 
Urban  Mass  Transpor 
ve  conducted  resear 
safety,  economy  and 
tal  impact  of  their 
lished  a  Research  a 
at  is  studying  and 
azardous  materials, 
n,  energy  conservat 


ch  and 

etary,  the  U.S. 

ration,  the 

1  Railroad 

ic  Safety 

tation 

ch  and  development 

efficiency,  and 

systems.   In 
nd  Special 
developing  policy 

pipeline  safety, 
ion  and  urban 


THE  1979  BUDGET 

An  increase  of  6  percent,  to  $799  million,  is  proposed 
in  1979  R&D  budget  authority  within  the  transportation 
function  (table  3-12).   Major  R&D  emphasis  is  on  expansion 
of  the  NASA  aeronautical  research  and  technology  program 
which  makes  up  more  than  one-half  of  all  transportation  R&D 
activities.   Virtually  all  the  rest  of  the  R&D  activities 
within  this  function  are  sponsored  by  DOT. 

R&D  budget  authority  for  transportation  as  a  percent  of 
total  budget  authority  for  this  function  is  steadily 
declining,  from  6.5  percent  in  1977  to  an  estimated  4.3 
percent  in  1979. 

The  only  significant  change  proposed  in  1979  is  the 
increase  of  $42  million  in  NASA  aeronautical  research  and 
technology  advancement  to  meet  national  needs  for  more 
efficient,  higher  performance,  and  environmentally 
acceptable  aircraft.   Priority  will  be  given  to  seeking 
advances  in  aircraft  technologies  to  reduce  fuel 
consumption.   Most  work  in  this  program  is  applied  research, 
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TABLE  3-12 
R&D  Budget  Authority  for  Transportation 
(Dollars  in  millions)    


Total 


Aeronautical  research  and  technology  (NASA)... 

Federal  Aviation  Administration  (DOT)  

Federal  Highway  Administration  (DOT)  

Urban  Mass  Transportation  Administration  (DOT)  .. 
National  Highway  Traffic  and  Safety 

Administra  tion  (DOT)  

Federal  Railroad  Administration  (DOT)  

U.S.  Coast  Guard  (DOT) 

Maritime  Administration  (Commerce)  

Office  of  the  Secretary  (DOT) 

Research  and  Special  Programs  Directorate  (DOT). 


1977         1978 
A,ctual Estimate 


1979 
Estimate 


$  670 


$  751 


$  799 


340 

105 

42 

45 

40 
36 
18 
17 
28 


399 

111 

52 

51 

42 
36 
19 
16 
25 
1 


441 

106 

55 

53 

46 
40 
19 
15 
13 
11 


Note:   Detail  may  not  add  to  totals  because  of  rounding. 
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but  increased  emphasis  will  also  be  given  to  long-term  basic 
research  to  maintain  a  sound  technology  base  for  future 
aircraft  improvements. 
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AGRICULTURE 


In  terms  of  renewable  resources,  one  of  this  country's 
greatest  assets  has  been  the  fortunate  combination  of  a 
large  amount  of  arable  land  and  a  climate  favorable  for 
farming.   Along  with  a  hard-working  agricultural  community 
and  many  advances  in  agricultural  science  and  technology, 
these  assets  have  provided  the  United  States  with  an 
abundance  of  food  and  other  agricultural  products.   U.S. 
agricultural  production  has  been  so  great  as  to  allow  it  to 
become  the  world's  leading  exporter  of  food  crops.   In  fact, 
such  exports  have  tripled  since  1976.   Last  year,  they  were 
valued  at  $24  billion,  with  a  net  contribution  of  $10 
billion  toward  our  balance  of  payments. 

Such  success  notwithstanding,  impending  problems 
require  examination.   In  the  past,  the  growth  was  achieved 
by  high  inputs  of  energy,  fertilizer,  and  pesticide  use. 
Yet  there  has  been  a  general  plateauing  of  production  rates 
for  at  least  some  of  the  more  important  food  commodities* 
It  is  believed  that  there  is  now  an  inadequate  base  of 
fundamental  knowledge  on  which  to  achieve  advances  in 
agricultural  production  comparable  to  those  in  the  past. 
Thus,  the  Department  of  Agriculture  (USDA)  has  placed 
renewed  emphasis  on  basic  research.  Research  in  these  areas 
is  also  being  supported  by  the  biological  programs  of  the 
National  Science  Foundation.   These  programs  are  designed  to 
encourage  participation  from  the  widest  range  of  talent  in 
this  country's  research  community. 

Nutrition 


Improved  nutrition  during  recent  decades  has  been  a 
significant  factor  in  reducing  the  number  of  infant  and 
maternal  deaths,  deaths  from  infectious  diseases,  improving 
worker  productivity,  and  in  increasing  the  life  span.   While 
much  is  written  and  recommended  about  our  nutrition,  the 
knowledge  on  which  to  base  the  recommendations  is  not  as 
complete  or  as  precise  as  it  should  be.   Seven  major  studies 
in  recent  years,  including  some  by  Congress  and  the  National 
Academy  of  Sciences  (NAS),  have  strongly  recommended 
increased  research  on  the  nutritional  consequences  of 
government  policies  and  programs,  nutrition-performance 
relationships,  roles  of  dietary  components,  and  problems  of 
nutrition  in  developing  countries.   These  and  other  areas 
are  being  examined  in  research  conducted  or  supported  by 
USDA.  In  addition  to  work  by  the  USDA,  important  nutrition 
research  is  being  carried  out  by  the  National  Institutes  of 
Health  and  the  Food  and  Drug  Administration. 

53 


THE  1979  BUDGET 

Federal  budget  authority  for  R&D  support  for  the 
agriculture  function  is  expected  to  increase  2  percent  in 
1979  to  $511  million  (table  3-13).   Major  R&D  changes  in  the 
1979  budget  show  a  growing  emphasis  on  competitive 
extramural  research. 

R&D  budget  authority  for  agriculture  as  a  share  of 
total  budget  authority  for  this  function  is  expected  to 
decrease  from  18.3  percent  in  1977  to  7.1  percent  in  1979. 
This  decline  is  the  result  of  a  large  increase  in  the  farm 
income  stabilization  program,  which  does  not  have  an  R&D 
component. 

The  Agricultural  Research  Service  (ARS)  budget 
authority  for  conduct  of  agricultural  research  and 
development  is  expected  to  increase  3  percent  in  1979,  and 
within  this  total,  ARS  basic  research  support  is  expected  to 
increase  6  percent  to  $143  million.   ARS  will  move  toward 
increasing  the  portion  of  extramural  research  within  the  R&D 
total  supported.   Increases  are  proposed  for  research  on 
plant  production,  on  use  and  improvement  of  soil,  water,  and 
air,  and  on  human  nutrition.   No  change  in  total  R&D  budget 
authority  for  the  Cooperative  State  Research  Service  (CSRS) 
is  requested  in  1979,  but  the  competitive  research  grants 
program,  which  has  been  transferred  to  CSRS,  emphasizes 
basic  research  critical  to  food  production  and  nutrition. 
If  approved  by  Congress,  it  would  have  the  effect  of 
increasing  CSRS  basic  research  support  by  15  percent. 
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TABLE  3-13 

R&D  Budget  Authority  for  Agriculture 
(Dollars  in  millions) 


1977        1978         1979 
Actual     Estimate     Estimate 

Total  

$  444       $.  501        $  511 

Agricultural  Research  Service  (USDA)  

284        309         317 

105         119          124 

Processing,  storage,  distribution,  food 

and  consumers  services  research  

67         73          64 
57         60          60 

Research  on  use  and  improvement  of  soil, 

35         38          42 

13         15          23 

Special  foreign  currency  program  

7          6           7 

Cooperative  State  Research  Service  (USDA)  

129        158         158 

Payments  to  agriculture  experiment 
stations  under  the  Hatch  Act  and  for 

97        109          98 

15          30 

Payments  to  1890  colleges  and  Tuskegee 

13         14          15 

8         10           9 

6          7           5 

2          2           2 

2          2 

Economics,  Statistics,  and  Cooperatives 

Service  (USDA)  

30         35          36 

Note:  Detail  may  not  add  to  totals  because  of  rounding. 
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FOOTNOTES 


1.  Excluding  R&D  plant. 

2.  In  the  analyses  of  the  various  functions,  no  attempt  has 
been  made  to  indicate  the  effect  of  inflation.   The  impact 
of  inflation,  currently  estimated  at  approximately  6  percent 
in  1979,  should  be  considered  when  studying  the  various 
changes  in  funding. 

3.  Budget  authority  is  used  in  this  analysis  -since  data  for 
both  overall  budget  totals  and  R&D  programs  are  not 
obtainable  in  obligations. 

4.  Since  R&D  plant  is  such  an  important  and  costly 
component  of  research  and  development  in  energy,  data  on  R&D 
plant  have  been  included  in  the  case  of  this  function. 
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CHAPTER  4 
RESEARCH  AND  DEVELOPMENT  AND  ECONOMIC  PROGRESS 


In  terms  of  growth  in  GNP  and  productivity,  the  U.S. 
economy  has  performed  poorly  during  the  last  ten  years 
compared  to  the  twenty  years  after  World  War  II. 
Insufficient  research  and  development  and  technological 
innovation  have  been  cited  as  possible  contributors  to 
unsatisfactory  U.S.  economic  progress.   Somewhat 
paradoxically,  while  the  level  of  research  and  development 
and  innovation  in  the  U.S.  has  been  called  "insufficient," 
the  level  of  investment  is  substantial  and  the  performer 
base  is  diverse.   In  absolute  terms,  the  U.S.  supports  more 
than  50  percent  of  the  research  and  development  performed  in 
the  world.   The  question  is  whether  that  investment  is 
adequate  from  a  social  and  economic  point  of  view,  and 
whether  available  evidence  suggests  a  reconsideration  of 
existing  government  policies  bearing  on  science,  technology, 
and  innovation. 

Trends  in  U.S.  Economic  Performance 

The  question  of  whether  the  U.S.  is  facing  an  economic 
performance  problem  which  enhanced  technological  innovation 
can  help  solve  deserves  careful  analysis.   Evidence  of  both 
a  theoretical  and  empirical  nature  on  this  issue  is  reviewed 
below. 

The  two  indicators  usually  applied  to  measure  the 
Nation's  economic  progress  are:  gross  national  product  (GNP) 
and  labor  productivity.  GNP  is  a  measure  of  the  market  value 
of  the  final  goods  and  services  produced  by  the  Nation's 
economy.  When  expressed  in  fixed  prices,  a  change  in  GNP 
measures  the~change  in  the  Nation's  economic  output.  During 
the  past  decade,  real  GNP  has  increased  more  slowly  than  the 
rate  experienced  from  1 9^7  through  1966.  Annual  U.S.  GNP 
growth  from  1947  through  1966  approximated  four  percent. 
From  1966  through  1976,  annual  U.S.  GNP  increases  slowed  to 
about  three  percent.   Moreover,  increases  in  labor  inputs 
accounted  for  a  larger  proportion  of  this  recent  output 
growth  than  in  previous  years.  During  the  1947-1966  period, 
employment  increased  at  an  average  annual  rate  of  1.3 
percent;  during  the  1966-1976  period  it  grew  at  an  average 
annual  rate  of  2.0  percent. 

For  productivity  to  grow,  one  of  the  following  must 
take  place:  the  sum  of  all  inputs  used  to  produce  a  given 
output  must  decline;  the  output  from  a  given  amount  of 
inputs  must  increase;  or,  an  increase  in  output  must  be 
obtained  from  a  less  than  proportionate  rise  in  inputs.  To 
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measure  productivity  change,  labor  productivity  (output  per 
person-hour)  is  used  as  a  proxy.  Data  on  inputs  other  than 
labor  are  not  generally  available  on  a  disaggregated 
industry  basis.   In  addition,  this  index  generally  moves 
over  the  long  term  in  an  apprcximately  constant  relationship 
to  other  measurements  of  productivity. 

Between  1966  and  1976,  growth  of  labor  productivity  was 
less  than  the  rates  experienced  from  1948  through  1966. 
Further,  the  growth  rate  was  lower  than  its  long  term 
historical  rate.   Table  4-1  presents  U.S.  average  annual 
growth  of  output  per  person-hour  for  the  U.S. "private 
economy  during  selected  periods  in  this  century.   These 
estimates  show  that  for  the  total  private  economy,  annual 
growth  of  output  per  person-hour  between  1966  and  1976  was 
about  half  the  rate  experienced  between  1 9^8  and  1966,  and 
about  two  thirds  the  rate  for  the  period  from  1899  through 
1966.   The  table  indicates  a  decline  in  growth  of  output  per 
person-hour  during  the  period  1966  to  1976  for  farming, 
manufacturing,  transportation,  communications  and  public 
utilities,  wholesale  and  retail  trade,  and  mining. 

The  decline  in  labor  productivity  growth  was  especially 
precipitous  for  farming,  where  the  rate  fell  from  5.6 
percent  per  year  during  1 9^8-1 966  to  1.5  percent  per  year 
during  1966-1976,  and  for  mining,  where  the  rate  fell  from 
4.3  percent  per  year  during  1948-1966  to  -0.9  percent  per 
year  during  1966-1976. 

Importance  of  Research  and  Development  and  Technological 
Innovation  to  Productivity  Growth 

Recently,  economists  have  attempted  to  assess  the 
contribution  of  research,  development  and  technological 
innovation  to  output  and  productivity  growth.  Results 
provide  general  support  for  a  strong  positive  contribution. 
Research  advances  scientific  knowledge,  which,  in  turn, 
enhances  the  intellectual  skills  individuals  bring  to  their 
work  and  provides  a  source  of  ideas  for  innovative 
technologies.   These  technologies  lead  to  new  and  improved 
products,  services  and  production  processes.   They  in  turn 
contribute  to  a  more  satisfactory  life  style  and  enhance  the 
working  skills  of  individuals. 

A  noted  investigation  of  long-term  U.S.  economic 
performance  by  Edward  Denison  has  indicated  that  about  50 
percent  of  measureable  U.S.  economic  growth  between  1948  and 
1969  derived  from  advances  in  knowledge.  (1)   Denison 
defines  "advances"  in  knowledge  as: 

"What  is  usually  defined  as  technological  knowledge  - 
knowledge  concerning  the  physical  properties  of  things, 
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TABLE    4  -  1 


PERCENT  GROWTH  OF  PERSON-HOUR  OUTPUT   FOR  SELECTED    U.S.    ECONOMY   SECTORS,    1899-1976 

1899-  1899-  1919-  1948-  1965- 

1966  1919  1953  1966  1976 


Total   Private 

Economy 

2.4 

1.9 

2.6 

3:4 

1.5 

Farming 

2.4 

0.9 

2.7 

5.6 

1.5 

Manufacturing 

2.6 

1.2 

3.1 

3.1 

2.5 

Transportation 

3.5 

2.3 

4.3 

4.0 

2.0 

Communications   and 

Public  Utilities  4.4  4.3  4.0  5-8  4.1 


Wholesale   and 

Retail    Trade  1-8  1.0  1.7  2.9  1.4 


Minino  2.8  1.4  3.1  4.3  -0.9 


Sources:      1399-1966  data,   Rolf  Piekorz  and  Eleanor  Thomas, 

"U. S .Productivi ty  Growth:  An  Assessment  of  Perceptions 
and  Prescriptions,"  H.  R.  Clauser,  Progress  in  Assessing 
Technological  Innovation,  1974  (Westport,  Conn.:  Technomic 
"Publishing  Co.  ,  1975),  p.  52. 

1966-1976  ,  U.S. Department  of  Commerce,  The  National  Income 
and  Product  Accounts  of  the  United  States,  1929-74,  Statistica 
Tables   (Washington,  D.C.:   GPO,  1976),  pp.  185,  215;  and 
U.S. Department  of  Commerce,  "U.S. National  Income  and 
Product  Accounts,  1973  to  Second  Quarter  1977,"  Survey 
of  Current  Business,  Vol.  57  (July  1977),  pp.  44,  47. 
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and  of  how  to  make,  combine,  or  use  them  in  a  physical 
sense.   It  also  includes  "managerial  knowledge"  - 
knowledge  of  business  organization  and  of  management 
techniques  construed  in  the  broadest  sense.   Advances 
in  knowledge  comprise  knowledge  originating  in  this 
country  and  abroad,  and  knowledge  obtained  in  any  way: 
by  organized  research,  by  individual  research  workers 
and  inventors,  and  by  simple  observation  and 
experience."  (2) 


This  computation  does  not  take  into  account  improvements 
which  are  not  measured  by  national  income  accounting 
techniques.   Examples  would -include  major  qualitative 
changes  in  products  (e.g.,  better  antibiotics)  or 
developments  of  new  forms  of  business  organization  (e.g., 
self-service  stores  and  supermarkets  in  retail  trade). 

A  recent  study  of  select  U.S.  industries  shows  a  strong 
association  between  the  ratios  of  their  research  and 
development  spending  to  sales  and  their  growth  of  labor 
productivity  and  output.   The  results  presented  in  Table  4-2 
show  that  industries  (e.g.,  chemicals,  electrical 
machinery) ,  which  have  high  research  and  development  to 
sales  ratios,  experience  substantially  higher  growth  of 
productivity  and  output  than  industries  (e.g.,  textiles), 
which  have  low  ratios.  In  addition,  other  empirical  research 
studies  have  demonstrated  substantial  increases  in  output 
associated  with  expenditures  for  research  and  development 
(netting  out  .increased  inputs  of  labor  and  capital).  (3) 
These  studies  show  $30  to  $50  increases  in  annual  output 
associated  with  a  $100  investment  in  research  and 
development.   These  findings  come  from  studies  of  chemicals, 
petroleum  refining,  and  agriculture. 

Investments  in  research  and  development  can  result  in 
greater  productivity  and  output  not  only  for  the  firms 
developing  the  new  or  improved  technology  but  for  the  buyers 
as  well.   This  diffusion  of  benefits  has  been  noted 
especially  for  machinery  (e.g.,  computers,  electrical 
generating  equipment)  and  for  materials  (e.g.,  plastics)  or 
components  (e.g.,  semiconductors).   One  recent  estimate  of 
these  benefits  suggests  that  for  manufacturing  during  the 
1960's,  the  average  productivity  returns  to  research  and 
development  conducted  by  firms  in  the  producing  industry 
amounted  to  about  30  percent  per  year;  the  benefits  accruing 
to  firms  purchasing  from  the  producers  of  technological 
innovations  were  about  50  percent.   (4)   Another  study  of  17 
modest  technological  innovations  showed  that  more  than  half 
of  the  measureable  economic,  returns  from  these  innovations 
went  to  the  buyers  and  users.  (5) 
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TABLE  4-2 

Average  Annual  Percentage  Growth  Rates  Between  1950  and  1974 
For  Selected  Industries  Grouoed  by  R&D  Intensity 


PRODUCTIVITY 

OUTPUT  IN 
CONSTANT  PRICES 

High  R&D  Intensive  Industries 

4.0 

6.7 

Professional  Scientific 
Instruments 

2.4 

5.6 

Electrical  Equipment  and 
Cormunication 

4.4 

7.2 

Chemicals  &  Allied  Products 

3.7 

5.9 

Medium  R&D  Intensive  Industries:   1.4  3.6 

Machinery  1.3  3.8 

Rubber  Products  1.7  5.0 

Petroleum  Refining  and 

Extraction  2.7  2.8 

Low  R&D  Intensive  Industries:  2.0  2.3 

Stone,  Clay  and  Glass  1.5  2.4 

Paper  and  Allied  Products  1.3  3.4 

Primary  .Metals  1.1  1.4 

Fabricated  Metal  Products  1.5  3.2 

Food  and  Kindred  Products  2.7  2.6 

Textiles  and  Apparel  3.5  3.3 

Lumber,  Wood  Products 

and  Furniture  3.0  3.5 


Source:   Roger  Brenner  and  Miriam  Alexander,  "The  Role  of  High  Technology 
Industries  in  Economic  Growth,"  Data  Resources  Inc.,  March  15,  1977,  p.  11 
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There  are  a  number  of  difficulties  in  obtaining  a  more 
precise  measurement  of  the  contribution  of  research  and 
development  and  technological  innovation  to  economic 
progress.   One  problem  is  the  inability  to  accurately 
measure  the  influence  of  new  or  improved  technology  on  the 
quality  of  goods  and  services  produced.   However,  there  is 
good  reason  to  believe  that  if  qualitative  factors  were 
included,  then  the  measured  returns  would  be  higher. 
Second,  there  is  the  problem  of  tracing  the  contribution  of 
research  to  improved  technology  and  then  tracing 
technology's  contribution  to  economic  progress.   Bringing 
out  new  or  improved  products  and  production  processes 
involves  a  number  of  complex  interrelated  tasks.   Third,  we 
lack  information  and  techniques  to  measure,  assess  and 
properly  adjust  productivity* figures  for  the  change  in  the 
level  of  harmful  byproducts  of  technology  resulting  from  R&D 
activity. 

Thus,  there  is  persuasive  empirical  evidence  (although 
surrounded  by  significant  limitations)  that  research  and 
development  and  technological  innovation  have  had  a 
significant  positive  effect  on  economic  growth  and 
productivity  increases  in  the  U.S.   An  NSF  review  by  a 
number  of  leading  economists  who  have  conducted  research  on 
this  subject  concluded  that: 

"Although  what  we  know  about  the  relationship 
between  R&D  and  economic  growth/productivity  is 
limited,  all  available  evidence  indicates  that  R&D 
is  an  important  contributor  to  economic  growth  and 
productivity.   Research  to  date  seeking  to  measure 
this  relationship  (at  the  level  of  the  firm,  the 
industry,  and  the  whole  economy)  points  in  a 
single  direction--the  contribution  of  research  and 
development  to  economic  growth/productivity  is 
positive,  significant  and  high."  (6) 


Rationale  for  Federal  Actions  to  Enhance  Economic  Growth 
Through"~R~esearch  and  "Development  and  Innovation 

When  the  Federal  Government  is  not  the  sole  or  primary 
consumer  of  R&D  results,  the  existence  of  market  or 
institutional  imperfections  provides  a  primary  reason  for 
considering  government  action.  These  imperfections  arise 
where  private  decisionmaking  does  not  include  all  the  costs 
and  benefits  of  an  action.   Private  markets  and  institutions 
may  be  unable  to  assure  effective  private  property  rights  in 
such  areas  as  research  and  development  and  technological 
innovations.   These  rights  are  required  for  markets  to  work 
effectively.   The  cost  of  acquiring  necessary  information 
about  the  feasibility  of  technical  innovation  may  be 
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prohibitive  to  firms  or  industries.   Uncertainty,  risk,  and 
the  need  for  large-scale  investments  may  lead  private  firms 
to  invest  less  than  the  socially  desirable  amounts  in 
research  and  development  and  technology.  Economic  and 
financial  conditions  may  lead  some  institutions  to  skew 
their  investment  away  from  basic  or  longer-term  research 
toward  the  more  applied  and  shorter-term.  Thus  both  the 
level  and  mix  of  research  and  development  and  innovation  may 
diverge  from  that  which  would  yield  higher  economic  returns 
to  society.   If  this  is  the  case,  then  government  (or  other 
collective)  action  in  the  S&T  domain  may  be  appropriate  and 
necessary  to  correct  market  imperfections  or  compensate  for 
unintended  effects  on  R&D  of  government  or  private  policy  in 
other  domains. 

Clearly,  proper  action  by  government  could  involve 
either  an  increase  or  a  decrease  in  its  own  S&T  activities, 
depending  on  the  nature  of  these  imperfections  and 
unintended  effects.   For  many  types  of  research,  firms 
cannot  capture  competitive  returns  for  their  outlays. 
Prominent  examples  include  research  to  increase  fundamental 
knowledge,  and  some  energy,  medical  and  agricultural 
research.   For  certain  types  of  technologies  (e.g.,  energy), 
the  Federal  Government  desires  expansion  of  technological 
options  to  levels  and  in  directions  where  the  returns  on 
private  development  investments  are  insufficient  to  induce 
desired  levels  of  expenditures.   Thus,  the  Federal 
Government  often  subsidizes  such  research. 

While  the  research  findings  reviewed  above  are 
consistent  with  the  claim  that  society  tends  to  underinvest 
in  innovation  because  of  market  imperfections,  the  proper 
government  response  is  difficult  to  determine.   As  noted, 
one  response  could  be  to  accept  the  market  imperfections  as 
a  given  and  increase  Federal  investment  in  civilian  research 
and  development  and  innovation.  Alternatively,  government 
can  attempt  to  remove  market  imperfections  while  holding 
constant  Federal  spending  for  civilian  research  and 
development  and  innovation.   Ideally,  some  combination  of 
these  approaches  could  be  devised  that  would  ameliorate  the 
underinvestment  problem. 


necessary  not  only  to  demonstrate  that  private  returns  are 
insufficient  to  call  forth  adequate  private  investment  in 
innovative  activities,  but  also  that  proposed  government 
policies  and  actions  are  cost  effective.   A  number  of 
different  countries  including  the  U.S.,  have  tried  programs 
to  further  technological  innovation  in  the  civil  sector. 
Problems  have  arisen  with  costs  and  performance.  (7) 
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Judgments  concerning  such  policies  depend  not  only  on 
estimates  of  the  direct  stimulus  to  R&D  and  innovation  but 
also  on  estimates  of  how  firms  and  industries  are  influenced 
by  the  perceived  costs  and  benefits  to  be  derived  from 
research,  development  and  innovation.   In  many  cases, 
substantial  outlays  of  resources  will  be  necessary  before 
new  or  improved  technologies  attain  commercial  use.   Costs 
will  be  incurred  through  investments  in  production 
facilities,  learning  of  new  production  techniques,  marketing 
activities,  modifications  of  existing  products  and  loss  of 
old  markets.   Moreover,  introduction  of  new  or  improved 
products  entails  many  technical  and  market  uncertainties. 
Major  vulnerabilities  include  possible  copying  of  a 
successful  innovation  (i.e.,  concerns  about  maintaining 
intellectual  property  rights),  changes  in  acceptable 
technical  standards  of  performance  (e.g.,  health,  safety,  or 
pollution  standards),  modifications  of  liability  conditions, 
inadequate  market  acceptance,  and  general  economic 
stagnation. 

There  are  many  ways  by  which  the  Federal  Government  can 
reduce  or  increase  the  costs  or  uncertainties  inherent  in 
the  innovation  process  "downstream"  from  R&D.  Deciding  on 
whether  to  act  "downstream"  for  the  sake  of  influencing  R&D 
and  other  "upstream"  activities  involves  delicate  tradeoffs 
between  general  and  specific  policies,  and  between  R&D 
objectives  and  other  objectives.   For  example,  regulation  of 
business  achieves  certain  social  and  economic  objectives  but 
also  impacts  R&D.   In  noting  what  is  known  about  these 
effects,  it  is  helpful  to  distinguish  between  regulation  of 
two  kinds:   economic  regulation  and  health,  safety,  and 
environmental  regulation.   There  is  evidence,  that  on  the 
whole,  economic  regulation  has  at  minimum  a  distorting,  and 
at  maximum  a  negative,  effect  on  technological  innovation. 
(8) 

Some  have  argued  that  relaxing  antitrust  regulations 
might  promote  research  and  development  and  innovation.  Some 
evidence  suggests  that  small-  to  medium-sized  firms  conduct 
research  more  efficiently  than  do  large  firms.   Increases  in 
firm  size,  beyond  some  intermediate  size,  do  not  appear  to 
be  especially  conducive  to  increased  R&D  intensity.   Medium- 
to  large-sized  firms,  however,  may  offer  economies  of  scale 
in  later  phases  of  innovation  and  are  better  able  to  develop 
and/or  exploit  R&D  findings.  (9)   Changes  in  antitrust 
policy,  law  and  enforcement  would  have  to  consider  the 
performance  tradeoffs  inherent  in  these  findings. 

No  consensus  exists  as  to  whether  health,  safety,  or 
environmental  regulation  has,  on  the  whole,  been  beneficial 
or  detrimental  to  technological  innovation.   There  are 
examples  of  both  kinds  of  results  and  good  reason  to  believe 
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that  we  should  not  expect  general  conclusions  because  of  the 
differing  forms  of  specific  regulations  and  their  varying 
effects.  (10,11,12)    One  can,  however,  suggest  some 
reasonable  guidelines  for  policy.   The  less  regulation 
necessary  to  meet  specific  objectives,  the  better.   And  the 
"carrot"  (e.g,  incentives)  used  together  with  the  "stick" 
(e.g.,  disincentives)  is  generally  a  more  effective  approach 
than  the  "stick"  alone. 

Another  topic  of  discussion  has  been  whether  existing 
fiscal  programs  of  the  Federal  Government  provide  incentives 
or  disincentives  to  invest  in  research  and  development  and 
technological  innovation.   Most  prominent  in  these 
discussions  are  Federal  policies  affecting  capital 
formation,  such  as  investment  tax  credits,  and  Federal 
credit  programs.   Positions  have  been  advanced  that  changes 
in  Federal  tax  policies  and  a  shortage  of  venture  capital 
have  diminished  activities  for  the  development  and  marketing 
of  new  technologies.   Whether  the  venture  capital  problem  is 
one  of  under-supply  or  of  unintended  effects  of  certain 
types  of  securities  and  tax  regulations  is  presently 
unclear.   Economists  generally  agree  there  has  not  been 
enough  study  and  research  with  respect  to  the  influence  of 
these  policies.  (13)   Also,  little  systematic  data  exists 
concerning  the  availablity  of  "seed  money"  from  private 
sources  for  launching  new,  high  technology  firms.   Thus  the 
assessment  of  policy  options  in  the  financing  of  these  firms 
is  severely  limited  at  present  by  data  and  theory  problems. 

Potential  for  Federal  Actions  (14) 


Since  government  action  will  not  necessarily  be  more 
efficient  or  cost-effective  than  private  or  market  actions, 
careful  analysis  of  possible  government  action  is  required. 
In  general,  officials  in  government,  business  and  labor  have 
become  more  conscious  of  the  potential  of  Federal  policies 
to  redirect  innovative  activity  and  change  economic  payoffs 
for  research  and  development  and  technological  innovation. 
No  consensus  exists  about  the  desirability  of  specific 
actions.   Public  debate  reveals  major  differences  among 
experts  about  the  costs  and  effectiveness  of  nearly  all 
widely  discussed  proposals.   These  ideas  include  general  tax 
credits,  government  loan  guarantees,  modifying  regulatory 
restrictions,  changing  government  patent  policies,  and 
loosening  antitrust  constraints.   One  serious  problem  in 
trying  to  achieve  a  consensus  is  the  lack  of  analytical 
methods  that  would  provide  valid  evaluation  and  assessment 
of  the  social  payoffs  from  various  proposed  Federal  actions. 

Pending  the  development  of  such  evaluations,  the 
research  and  analysis  reviewed  above  suggest  several 
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guidelines  to  consider  in  assessing  options  for  public 
policy  and  practice: 

1.  Federal  S&T  policy  and  practice  should  be  made  more 
consistent  with  economic  and  social  policy; 

2.  Federal  policy  and  practice  should  be  more 
consistent  over  time  and  avoid  constant  change  and 
uncertainties  which  discourage  private  investment 
and  activities; 

3.  Wherever  possible,  Federal  policy  and  practice 
should  reinforce  and  help  perfect  private  market 
forces  rather  than  substitute  for  them.   There  is  a 
growing  body  of  evidence  that  governments  have  a 
tendency  to  carry  such  activities  too  far  or  stay 
involved  too  long.   This  frequently  leads  to: 

a)  Government  R&D  funding  substituting  for 
private  investment,  and  discouraging  rather 
than  complementing  or  encouraging  it; 

b)  Interference  with  positive  market  incentives 
when  particular  developments  reach  the 
commercialization  stage;  and, 

c)  A  tendency  to  push  technology.  This  is 
usually  less  effective  than  relying  more  on 
market  needs  to  pull  innovation.   As  pointed 
out  earlier,  technology  is  not  synonymous  with 
research  and  development  and  the  justification 
for  government  efforts  designed  to  push  the 
frontiers  of  knowledge  does  not  apply  to 
technological  developments. 
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CHAPTER  5 
COMPARATIVE  PERFORMANCE  OF  U.S.  TECHNOLOGY 


Concerns  have  been  increasingly  expressed  about  a 
perceived  decline  in  the  United  States'  science  and 
technology  position  relative  to  other  countries.   The 
effects  of  this  decline  on  U.S.  economic  growth  and  trade 
performance  tend  to  be  viewed  negatively,  even  though  it  is 
widely  recognized  that  U.S.  economy  has  benefited 
substantially  in  the  past  by  utilizing  science"  and 
technology  produced  in  other  countries.   Moreover,  these 
concerns  are  often  accompanied  by  suggestions  for  government 
stimulation  of  research  and  development  or  modification  of 
the  distribution  of  R&D  expenditures  across  industries.  To 
examine  this  issue,  this  Chapter  discusses  the  position  of 
U.S.  science  and  technology  relative  to  that  of  other 
industrialized  countries. 


International  Economic  Comparison  of  U.S.  Technology 
Position" 

Ideally,  an  international  comparison  of  the  U.S. 
technology  position  would  provide  an  indication  of  a  rise, 
leveling,  or  fall  of  U.S.  technological  capabilities. 
Estimates  of  technological  capabilities  across  countries 
would  measure  the  stock  of  scientific  and  technical 
knowledge,  growth  of  this  stock,  and  the  extent  to  which 
this  knowledge  is  utilized  in  the  production  of  goods  and 
services.   However,  direct  measurements  of  knowledge  and 
technological  capabilities  are  not  available. 

Hence,  international  comparisons  resort  to  a  number  of 
proxy  variables,  none  of  which  is  wholly  adequate  by  itself 
but  as  a  group  can  provide  perspective.   The  first  set  of 
indicators  used  is  R&D  inputs,  either  R&D  expenditures  or 
employment  of  scientific  and  engineering  personnel,  or 
both.   These  variables  measure  the  amounts  of  resources  used 
in  undertaking  R&D  activities,  but  provide  no  measure  of  the 
results  of  such  activities.   They  provide  no  direct 
indicator  of  increases  in  the  stock  of  scientific  and 
technical  knowledge,  nor  the  extent  to  which  any  new 
knowledge  is  used. 

Results  of  technological  activities  are  frequently 
examined  in  terms  of  numbers  of  patents.   Patents  are  a 
proxy,  or  a  rough  indicator,  of  technical  inventiveness. 
Patent  data,  however,  do  not  provide  an  accurate  reflection 
of  these  efforts  since  they  may  include  multiple 
applications  for  one  invention  as  a  legal  means  of 
minimizing  infringements.  They  exclude  inventions  which 
firms  may  prefer  to  keep  as  trade  secrets.   Most  important, 
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they  do  not  provide  a  measure  of  the  technical  and  economic 
value  of  inventions,  since  such  a  measure  depends  on  factors 
such  as  sales  of  products  embodying  the  technology, 
radicalness  of  the  technology  embodied  in  the  patent,  shifts 
in  demand  for  certain  kinds  of  technology,  etc.   They  do  not 
indicate  the  effects  of  changes  in  patent  regulations  and 
costs,  or  court  decisions  in  patent  cases. 

The  third  set  of  indicators  used  is  international 
earnings  from  R&D  activities,  in  terms  of  high-technology 
exports  (imports)  and  licensing.  High-technology  exports  are 
used  to  examine  the  competitiveness  of  these  U..S.  goods  and 
services  in  international  trade.   A  large  and  growing  trade 
bala'nce  for  U.S.  high-technology  goods  implies  comparative 
technical  advantage  as  well-as  productivity  and  output 
growth  in  these  industries.   The  main  problem  with  this 
indicator  lies  in  its  definition.   High-technology  exports 
(imports)  are  usually  distinguished  from 

low-technology-intensive  exports  (imports)  on  the  basis  of 
R&D  spending  in  each  industry  in  the  U.S.   Exports  and 
imports  may  be  classified  in  terms  of  those  industries  which 
are  generally  considered  R&D  intensive,  (1)   or  on  the  basis 
of  average  (mean,  median)  R&D  intensity.  In  other  words,  the 
classification  scheme  is  somewhat  arbitrary.   Moreover,  in 
international  comparisons,  use  of  U.S.  industry  R&D 
intensities  to  classify  other  nations'  trade  assumes  that 
the  relative  R&D  position  of  given  products  is  similar  in 
different  countries,  and  that  the  mix  of  goods  within  each 
individual  product  group  is  comparable. 

Licensing  is  usually  considered  in  discussions  of 
technology  transfers  from  the  U.S.  abroad,  and  is  measured 
by  data  on  receipts  and  payments  of  royalties  and  licensing 
fees.   These  data  can  be  considered  only  as  a  rough 
indicator  of  technology  transfer.   They  exclude  other  types 
of  transactions  (e.g.,  foreign  direct  investment),  include 
transactions  which  may  not  involve  technology  sales  (e.g., 
trademarks),  and  do  not  distinguish  the  various  terms  and 
conditions  of  agreements. 

Thus,  use  of  these  sets  of  data  in  comparing  the 
international  status  of  U.S.  science  and  technology  should 
be  considered  with  caution. 

R&D  Inputs 

Various  aggregate  and  industry  data  are  used  to  compare 
the  U.S.  position  to  several  Western  European  countries, 
Canada,  and  Japan.   Aggregate  data  indicate  that  the 
science-technology  capabilities  of  the  major  industrial 
countries  have  been  rising  relative  to  the  U.S.  since  1963. 
Commonly  used  indicators  are  the  ratios  of  total  R&D 
spending  to  gross  national  product  (GNP)  and  scientists  and 
engineers  as  a  proportion  of  the  total  labor  force. 
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To  the  extent  that  R&D  spending  data  include 
expenditures  by  U.S. -based  multinational  firms  in  other  OECD 
countries,  R&D  spending  may  be  overstated,  and  hence,  the 
data  should  be  interpreted  with  caution.   The  ratio  of  R&D 
spending  to  GNP  has  been  falling  in  the  U.S.  from  3.0 
percent  in  1964  to  2.3  percent  by  1977  (table  5-1).   West 
Germany  and  Japan  have  been  experiencing  a  rise  from  a  low 
of  1.4  percent,  in  1963,  to  2.3  to  2.0  percent  respectively, 
by  1976.   Canada  and  the  U.K.  appear  to  have  been 
experiencing  a  slight  decline,  and  France  shows  a  relatively 
stable  ratio  for  the  period.   For  Germany  and  Japan,  the 
rate  of  growth  of  GNP  has  been  greater  than  that  of  the 
U.S.;  thereby,  indicating  that  the  share  of  R&D  expenditures 
is  rising  relative  to  a  more  rapidly  growing  base.   However, 
it  is  important  to  note  that  research  and  development  as  a 
percent  of  GNP  has  peaked  in  each  of  these  countries  in 
recent  years,  with  the  U.S.,  U.K.,  Germany  and  Japan  highest 
(2.0  to  2.4  percent) . 

Partially  underlying  the  past  increase  in  the  ratio  of 
R&D  expenditures  to  GNP  of  these  countries  is  the  rise  in 
industry-funded  research  and  development.   (table  5-2.)  A 
comparison  of  the  share  of  industry-funded  research  and 
development  to  GNP  shows  that  industries  in  Germany  and 
Japan  have  been  spending  an  increasing  portion  relative  to 
the  other  countries.   For  the  U.S.,  the  proportion  of 
industry-funded  research  and  development  to  GNP  has  been 
relatively  constant. 

U.S.  government-funded  research  and  development  as  a 
percentage  of  GNP  fell  from  a  high  of  2.0  percent  in  1964  to 
1.2  percent  by  1977  (table  5-3).   The  decline  was  mainly  in 
funds  for  national  defense  and  space.   For  the  U.S.,  the 
U.K.,  and  France,  the  largest  portion  of  government  R&D 
funds  during  1961-1975  was  directed  towards  national  defense 
and  space,  but  the  proportion  has  declined  in  all  three 
countries  since  1969/70.   Canada,  West  Germany,  and  Japan, 
on  the  other  hand,  devoted  the  major  fraction  of  government 
R&D  funds  to  economic  development  and  the  advancement  of 
knowledge,  and  except  for  Japan,  the  fraction  rose 
throughout  the  period.   The  U.S.  recorded  a  small  rise  in 
the  fraction  of  funds  directed  towards  these  activities 
during  this  period.  (2) 

The  relative  increase  in  foreign  capabilities  is  also 
indicated  by  the  ratio  of  scientists  and  engineers  engaged 
in  research  and  development  to  total  labor  force  in  each 
country.   The  U.S.  ratio  increased  slightly  between  1963  and 
1969,  and  has  been  declining  since  1970  from  64  to  56  per 
10,000  in  the  labor  force  in  1975.   The  ratios  for  France, 
Germany,  and  Japan  have  been  rising,  particularly  for 
Germany  and  Japan  as  shown  in  Table  5-4.   The  Canadian  ratio 
was  relatively  stable  between  1965  and  1973.   The  U.S.  still 
leads  in  number  of  R&D  scientists  and  engineers  per  10,000 
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labor  force,  but  other  countries  appear  to  be  closing  the 
gap. 

While  these  aggregate  input  measures  indicate  a 
relative  decline  in  the  position  of  U.S.  technology,  a 
recent  study,  which  examined  R&D  spending  in  individual 
manufacturing  industries  across  nations,   (3)   suggests  that 
caution  be  exercised  in  drawing  conclusions,  particularly 
with  regard  to  the  role  of  government.  National  R&D  data 
represent  aggregates  across  industries  and  sources  of 
funding.  Individual  economic  sectors  and  industries  have 
different  R&D  intensities  (the  ratio  of  R&D  expenditures  to 
value  added),  and  each  source  of  funding  probably  has 
different  economic  effects.   The  level  and  change  in  the  R&D 
intensity  of  a  sector  or  industry  in  an  economy  differ 
across  nations.   This  situation  can  result  in  differences  in 
aggregate  national  R&D  ratios  while  the  R&D  intensities 
across  nations  for  an  individual  sector  might  remain 
unchanged.   Moreover,  the  study  indicates  that  the 
importance  of  government  in  R&D  funding  varies  across 
nations  (table  5-5). 

Industry-funded  R&D  expenditures  for  the  manufacturing 
sector  were  examined  for  twelve  OECD  nations,  because  they 
reflect  economically  motivated  research  and  development,  and 
because  the  predominant  share  of  industry-funded  research 
and  development  occurs  in  the  manufacturing  sector.   Table 
5-5  shows  the  ratio  of  R&D  spending  to  value  added  in 
manufacturing  for  these  nations  for  the  period  1963-1973. 
One  part  of  the  table  has  industry-funded  expenditures;  the 
other  part  presents  total  funding  (industry,  government, 
other)  available  to  firms  for  research  and  development. 
Total  funds  were  considered  to  assess  the  importance  of 
government  in  funding  industrial  research  and  development 
among  OECD  countries.   (Other  sources  of  funds — foreign  and 
non-profit  institutions--consti tute  a  negligible  fraction  of 
total  funds. ) 

These  data  permit  four  observations  regarding  concerns 
frequently  expressed  about  U.S.  research  and  development 
compared  to  other  countries.   First,  the  intensity  of  U.S. 
industry-funded  research  and  development  in  manufacturing, 
on  the  average,  exceeded  the  industry-funded  R&D  intensity 
of  all  nations,  except  for  the  Netherlands  in  1969  and  for 
Japan  in  1973.   Also,  U.S.  industry-funded  R&D  intensity 
exceeded  the  total  funded  R&D  intensity  of  most  other 
industrial  nations.   Second,  for  industry-funded  research 
and  development,  the  increase  in  U.S.  R&D  intensity  over  the 
period  compared  favorably  with  other  nations.   The  United 
States  has  maintained  its  relative  position  to  all  nations 
except  Japan,  in  the  rate  of  industry-funded  R&D  activity. 
Third,  government  funding  influenced  R&D  intensity 
importantly  for  only  three  (France,  Sweden,  U.S.)  of  the 
twelve  nations.   Fourth,  size  of  nation  in  terms  of  GNP  did 
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not  seem  to  be  a  factor  in  the  rate  of  industry  funding  of 
research  and  development  in  manufacturing  among  OECD 
nations . 

Taking  all  the  various  measures  of  R&D  inputs,  the  data 
indicate  that  the  U.S.  leads  in  an  absolute  sense  but  other 
nations,  in  particular,  West  Germany  and  Japan,  have 
increased  R&D  funding  and  personnel  more  rapidly  than  the 
U.S. 

Patent  Applications  and  Balance 

A  frequently  used  measure  of  technological  output, 
patents,  is  used  as  a  proxy  for  technical  inventiveness.   In 
international  comparisons,"  some  researchers  have  used  these 
data  to  show  that  the  U.S.  has  fallen  behind  other 
countries. 

Patent  statistics  can  be  examined  in  two  ways:  one  is 
to  consider  numbers  of  patent  applications  filed  by 
nationals  in  each  country,  and  the  other,  the  more  commonly 
discussed,  "patent  balance."  Tabic  5-6  shows  numbers  of 
patent  applications  filed  by  nationals  in  each  of  the 
following  nine  countries:  the  U.S.,  Canada,  France,  West 
Germany,  Japan,  the  Netherlands,  Sweden,  Switzerland,  and 
the  U.K.  from  1963  to  1974.   The  domestic  patent  application 
figures  (home  country  filings  by  nationals)  indicates  that 
over  the  period,  the  number  of  patent  applications  filed  by 
nationals  has  changed  little  in  any  country  except  for 
Japan.   Typically,  average  annual  rates  of  change  in  home 
country  patent  applications  by  nationals  show  increases  or 
declines  on  the  order  of  1  or  2  percent.  Japan  shows  an 
average  annual  growth  rate  in  excess  of  7  percent,  doubling 
the  number  of  domestic  patent  applications  between  1965  and 
197^. 

For  the  other  countries,  the  data  do  not  provide 
evidence  that  foreign  inventiveness  has  increased  relative 
to  the  U.S.   Of  course,  the  technical  quality  or  the 
economic  value  of  the  inventions  behind  the  patent 
applications  may  have  changed  over  time,  but  there  is  no  way 
to  estimate  this  change  through  numbers  of  applications.  (4) 

Estimates  of  the  U.S.  patent  balance  with  other 
countries  have  been  used  to  show  a  decline  in  U.S. 
inventiveness.   But,  patent  balance  discussions  often  fail 
to  consider  causes  of  increased  patent  activity  by  residents 
of  foreign  countries  or  the  determinants  of  patenting  by  a 
country's  own  residents.   A  recent  study,  which  has 
considered  such  relationships,  provides  a  more  refined 
understanding  of  the  role  of  patents  by  assessing  the  ratio 
of  a  country's  applications  in  the  U.S.  to  that  same 
country's  domestic  patent  applications  by  its  nationals. 
(5)   This  ratio  measures  the  propensity  of  foreign  nationals 
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in  each  country  to  patent  in  the  U.S.,  reflecting  the 
importance  of  a  U.S.  patent  to  nationals  of  foreign 
countries . 

This  study  indicates  that  concerns  about  the  U.S. 
patent  balance  or  of  rising  foreign  patenting  in  the  U.S. 
are  not  warranted  on  the  grounds  of  increased  foreign 
inventiveness  vis-a-vis  the  U.S.   Foreign  inventiveness  as 
measured  by  the  numbers  of  patent  applications  filed  by 
nationals  within  their  home  countries  has  in  general  not 
increased,  except  for  the  case  of  Japan.   Increased  foreign 
filings  of  patent  applications  in  the  U.S.  is  a  reflection 
of  increasing  world  competition  and  interest  in  exporting  to 
a  large  and  rich  U.S.  market.   It  is  not  necessarily  an 
indicator  of  declining  U.S.  technical  competence. 

The  findings  also  suggest  that  there  may  be  an 
increasing  trend  in  foreign  interests  in  exploiting 
inventions  vis-a-vis  the  U.S.  in  the  sense  of  putting  more 
inventions  into  commercial  use  in  a  number  of  markets.   The 
natural  reaction  that  too  little  research  and  development  is 
being  done  if  the  patent  balance  is  adverse  is  not 
substantiated  by  the  evidence;  the  correlation  between 
aggregate  national  research  and  development  and  domestic 
patenting  by  nationals  is  not  very  strong.   Further,  an 
examination  of  the  influence  of  R&D  spending  on  patent 
applications  show  that  it  does  not  appear  to  be  a  major 
factor,  but  that  increases  in  patent  applications  can  be 
explained  by  rises  in  international  trade  activity 
(exports)  . 

International  Earnings  from  R&D-Intensive  Activities 

In  terms  of  international  earnings  from  R&D-intensive 
activities,  the  data  do  not  indicate  an  erosion  of  the  U.S. 
position  and  technological  capabilities.  To  consider  the 
influence  of  technology  on  international  trade  patterns,  a 
common  approach  is  to  classify  trade  into 

technology-intensive  and  nontechnology-intensive  exports  and 
imports.   A  comparison  of  U.S.  exports  with  exports  of  other 
OECD  countries  shows  that  the  U.S.  is  the  only  country  with 
an  unusual  concentration  of  its  manufactured  goods  in 
exports  which  are  technology  intensive.  (6)   (table  5-7) 
Moreover,  the  U.S.  trade  balance  (exports  minus  imports)  in 
technology-intensive  manufactured  goods  has  been  rising  over 
the  past  15  years,  especially  since  1973,  while  net  exports 
of  nontechnology-intensive  goods  has  been  falling.  The  U.S. 
has  maintained  a  positive  balance  in  technology-intensive 
goods  with  most  of  its  trading  partners  (except  Japan). 
These  data  indicate  that  the  U.S.  has  a  comparative 
advantage  in  technology-intensive  manufactured  goods. 

Studies  which  have  examined  the  relationship  between 
research  and  development  and  export  performance  show  a 
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positive  and  significant  relationship  for  several  countries. 
These  studies  have  considered  both  exports  and  net  exports 
(exports  minus  imports).  (7)   However,  the  results  should  be 
interpreted  with  caution.   These  studies  have  not  considered 
other  influences  on  trade  performance,  such  as  the  effects 
of  skilled  labor,  industry  concentration,  and  economies  of 
scale.   These  latter  factors  are  often  associated  with 
industries  which  are  R&D  (technology)  intensive.  Moreover, 
these  studies  are  based  on  the  assumption  that  research  and 
development  stimulates  trade,  but  have  not  examined  the 
influence  of  trade  on  R&D  spending.   Hence,  the  results 
suggest  a  positive  relationship  between  R&D  spending  and 
U.S.  trade  but  do  not  necessarily  imply  that  increases  in 
R&D  spending  will  improve  U.S.  trade  balances. 


With  regard  to  the  transfer  of  technology,  little  is 
known  about  the  scope  and  magnitude  of  such  transfers, 
because  of  a  lack  of  definitive  indicators.   Data  commonly 
used  are  royalties  and  licensing  fees  from  U.S.  subsidiaries 
and  unaffiliated  firms  abroad.   These  data  show  that  net 
receipts  (receipts  minus  payments)  of  U.S.  firms  have  been 
rising  over  the  past  ten  years,  with  the  major  portion 
(about  80  percent)  from  U.S.  subsidiaries.   Net  receipts 
from  subsidiaries  increased  about  200  percent  over  the 
period  1966  to  1975,  with  the  most  rapid  rise  (average 
annual  increase  of  19  percent)  since  1972.   Net  receipts 
from  unaffiliated  firms  abroad  rose  only  about  8.9  percent 
per  year  during  the  1966-1975  period.   The  data  indicate 
increased  earnings  for  U.S.  firms  through  licensing,  but 
most  of  the  transactions  have  been  with  U.S.  subsidiaries. 
(8) 

These  data  are  often  used  in  arguments  for  government 
restrictions  on  outward  transfer.  It  is  claimed  that  our 
comparative  advantage  in  technology  and  innovative 
capabilities  will  be  undermined  as  foreigners  gain  expertise 
in  producing  goods  competitive  with  those  produced  in  the 
U.S.,  particularly  high-technology  products.   Potential 
adverse  effects  on  U.S.  trade  and  employment  are  the 
concern.  (9)   However,  the  data  should  be  interpreted  with 
caution.   The  data  show  increased  technology  transfer  abroad 
(or  increased  earnings),  and  show  that  most  of  the 
transactions  are  between  affiliates  and  U.S.  parents,  (i.e., 
foreign  firms  in  which  the  U.S.  parent  has  equity  control). 
Also,  tax  considerations  greatly  influence  these  data;  for 
example,  taxation  of  foreign  earnings.   More  importantly, 
data  on  licensing  and  royalty  fees  are  only  rough  indicators 
of  technology  transfer.   As  indicated  earlier,  they  exclude 
other  types  of  transactions  (e.g.,  foreign  direct 
investment),  include  transactions  which  may  not  involve 
technology  sales  (e.g.,  trademarks),  and  do  not  distinguish 
the  various  terms  and  conditions  of  agreements.   They  do  not 
take  into  account  improvements  in  the  technology  which  may 
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flow  back  to  the  U.S.,  nor  new  export  markets  for  U.S. 
products  which  may  result  from  technology  licensing 
agreements. 

Hence,  foreign  skill  levels  may  rise  due  to  transfers 
of  technology  from  the  U.S.,  resulting  in  greater 
competition  for  U.S.  goods,  but  the  U.S.  also  stands  to  gain 
from  other  transfers.   Moreover,  it  has  been  found  that  many 
firms  rely  on  foreign  sales  of  goods  and  technology  to 
justify  undertaking  new  research  in  the  U.S.   Not  only  is 
the  distribution  of  technology  important,  but  the  generation 
of  new  technology  may  also  be  a  determinant  of  the  sale  of 
old  technology.  (10) 

A  summary  on  the  state  of  knowledge  concerning  the 
effects  of  technology  transfer  on  the  U.S.  economy  concluded 
that: 

"Except  for  national  security  purposes,  the  U.S. 
Government  should  not  at  this  time  consider  actions  to 
discourage  or  restrict  international  transactions 
involving  technology  transfers.   We  lack  evidence 
whether,  where,  or  when  such  transactions  harm  U.S. 
welfare.   If  loss  to  U.S.  welfare  were  established, 
there  are  some  options  the  government  may  want  to 
consider  and  some  which  are  likely  to  prove 
ineffective."  (11) 


Summary 

Although  there  are  no  available  direct  measures  of 
knowledge  and  technological  capability,  general  results 
regarding  the  U.S.  S&T  position  over  the  period  1963-1977 
may  be  inferred  from  proxy  indicators.   However,  since  these 
conclusions  are  based  on  indirect  evidence,  our  confidence 
in  them  must  be  in  proportion  to  the  strength  of  the 
evidence. 

With  respect  to  R&D  inputs,  aggregate  data  show  a  rise 
in  the  investment  in  science  and  technology  of  several 
countries  relative  to  the  U.S.   This  decline  in  the  relative 
U.S.  position  can  be  partially  attributed  to  the  reduction 
in  government  R&D  funds  (since  1969)  for  national  defense 
and  space.   Industry-funded  research  and  development  as  a 
proportion  of  GNP  has  remained  relatively  stable  over  the 
past  ten  years  in  the  U.S.   The  same  is  true  for  other  major 
industrial  countries  except  for  Japan,  where  the  proportion 
has  steadily  increased.   A  closer  look  at  industry  R&D 
spending  shows  that  the  R&D  intensity  of  U.S.  manufacturing 
industries  compares  favorably  in  the  absolute  to  that  of  all 
industrial  nations.   These  U.S.  industries  have  also 
maintained  their  position  relative  to  those  of  all 
industrial  nations  except  Japan. 
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With  regard  to  technology  output  and  international 
earnings  from  R&D  intensive  activities,  available  data 
indicate  little  or  no  erosion  in  U.S.  technological 
capabilities.  The  data  on  both  inputs  to  and  outputs  from 
innovative  activity  thus  suggest  that  the  relationships 
between  science  and  technology  and  economic  and  trade 
performance  are  not  direct  or  simple.   Neither  the  available 
economic  nor  technical  indicators  provide  hard  evidence  of 
an  eroding  U.S.  technical  position  which  can  be  tied  to 
negative  economic  consequences.   The  U.S.  continues  to  gain 
strength  in  the  commercial  exploitation  of  technology. 
However,  in  specific  technical  fields  some  foreign 
competitors  likely  will  overtake  the  U.S.  and  some  will  fall 
further  behind.   Overall,  however,  the  U.S.  appears  to  be 
maintaining  its  scientific  and  technological  advantage. 

Whether  the  nation's  expenditures  for  R&D  should  be 
higher  or  lower  than  other  nations'  expenditures  relative  to 
GNP  is  another  question  with  no  clear  answer.   There  is  no 
known  way  to  optimally  index  R&D  expenditures  to  economic 
aggregates  such  as  GNP  and  debate  about  the  desirability  of 
doing  so  continues.   It  is  important  to  note,  however,  that 
R&D  as  a  percent  of  GNP  has  leveled  off  or  declined  in  most 
other  countries  during  the  last  five  years. 

Nevertheless,  it  would  be  advisable  to  continue 
monitoring  the  trends  and  to  assess  the  U.S.  position. 
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CHAPTER  6 
STATUS  OF  BASIC  RESEARCH  IN  INDUSTRY 


The  general  purpose  of  this  chapter  is  to  examine  some 
trends  and  policy  issues  in  the  funding  and  performance  of 
basic  research  in  the  industrial  sector  of  the  economy. 
While  recent  articles  have  described  the  decline  in  the 
funding  of  basic  research  by  industry,  the  questions  of 
whether  or  not  this  decline  is  a  problem  and  the  options  for 
government  policy  action  immediately  raise  the  issue  of 
industrial  performance  of  basic  research. 

Definitions 

To  set  the  stage  for  discussion  of  government  policies 
affecting  basic  research  in  industry,  a  brief  discussion  of 
what  "basic  research"  and  "industry"  encompass  follows.   The 
National  Science  Foundation,  which  oversees  an  annual  survey 
of  R&D  expenditures  in  industry,  defines  industry  basic 
research  as: 

"research  projects  which  represent  original 
investigation  for  the  advancement  of  scientific 
knowledge  and  which  do  not  have  specific  commercial 
objectives,  although  they  may  be  in  the  fields  of 
present  or  potential  interest  to  the  reporting 
company. " 

The  distinction  made  between  basic  and  applied  research  is 
chiefly  in  terms  of  objectives.   A  more  useful  distinction 
might  be  longer-term  versus  shorter-term  research  objectives 
rather  than  basic  research  versus  applied  research  versus 
development.   It  is  not  known  what  proportion  of  applied 
research  and  development  expenditures  are  considered  to  be 
longer-term. ( 1 ) 

In  data  on  R&D  funding  and  performance,  the  term 
industry  includes  organizations  that  seek  a  profit.   Also 
included  are  industry-managed  Federally  funded  research  and 
development  centers  (FFRDC's).   In  terms  of  sizes  of  firms 
performing  basic  research,  over  the  period  1966-1974  the 
smallest  firms,  those  with  less  than  1,000  employees, 
generally  performed  between  4  and  6  percent  of  the  basic 
research  in  industry.   Those  firms  with  10,000  employees  or 
more  performed  roughly  75  percent  of  the  industrial  basic 
research  (2) . 

Time  Frame 

A  discussion  of  trends  in  basic  research  funding  and 
performance  and  the  implications  for  S&T  policy  requires  a 
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focus  on  a  specific  period  of  time.  Although  for  many 
purposes  coverage  of  the  past  ten  years  is  sufficient,  1967 
and  1968  were  the  peak  of  R&D  funding;  these  years  were 
followed  by  a  downturn  in  defense  and  space  research  and 
development,  while  civilian  research  and  development 
continued  to  increase  in  constant  as  well  as  current 
dollars.   To  account  for  these  shifting  priorities  in 
Federally  funded  research  and  development,  which  may 
influence  industrial  priorities  as  well,  a  period  starting 
with  1960  will  be  used  to  the  extent  that  data  are 
available. 

Industry  Funding  Patterns 

Over  the  1960-1977  period,  the  Federal  Government  has 
been  the  predominant  funder  of  basic  research,  while  the 
proportion  supported  by  industry's  funds  has  declined. 
Although  industry's  contribution  to  total  basic  research 
funds  has  fallen  by  almost  half  over  the  1960-1977  period 
(from  29  percent  to  15  percent),  Table  6-1  shows  that  most 
of  this  decline  occurred  between  1960  and  1967.   Industry's 
proportion  has  remained  level  since  1970.  (3)  In  contrast, 
industry  funds  for  applied  research  as  a  proportion  of  total 
applied  research  in  the  U.S.  economy  remained  fairly  stable 
(about  41  percent,  as  shown  in  Table  6-2  over  the  entire 
period ) . 

The  data  in  Tables  6-3  and  6-4  provide  a  perspective  on 
the  relative  emphasis  placed  on  basic  and  applied  research 
in  industry  and  in  the  Federal  Government.   Federally  funded 
research  and  development  performed  in  industry  puts  a 
greater  emphasis  on  development  work  than  is  characteristic 
of  the  Federal  Government's  overall  R&D  funding  effort  and  a 
greater  emphasis  on  development  than  is  characteristic  of 
industry's  own  R&D  funding. 

Looking  at  the  Federal  Government  as  a  source  of  R&D 
funds  for  all  performers  (table  6-3),  the  fraction  going  to 
basic  research  doubled  (to  16  percent  of  the  Federal  R&D 
budget)  over  the  1960-1977  period  with  most  of  the  increase 
occurring  by  1968.   The  proportion  of  Federally  funded 
applied  research  increased  somewhat,  too  (to  24  percent). 
Over  the  same  period,  however,  Federal  funds  to  industry  for 
basic  research  remained  as  a  fairly  small  fraction  of  total 
Federal  R&D  funds  in  industry  (about  2  percent,  as  shown  in 
table  6-4).   Funds  for  applied  research  remained  at  12  and 
13  percent  of  industry's  total  Federal  R&D  funds  for  the 
last  14  years. 

The  allocation  of  Federal  funds  to  applied  research  in 
industry  was  also  smaller  than  the  proportion  of  the  overall 
Federal  R&D  budget  devoted  to  applied  research.   Thus  the 
Federal  Government  has  not  demonstrated  a  shift  toward 
development  efforts,  but  rather  toward  basic  and  applied 
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TABLE     6~1  Basic   Research   Exper.Ji  tures    by  Source 


National    Patterns 
Resources,    1953-1978 


Total 
(dollars  in 
millions) 

industry 
dollars 

industry 

as  % 
of  total 

govt 
dollars 

govt  as 

%  of 

total 

other 
dollars 

o  t  ( ,  e  r 

as  % 

of   total 

1960 

1,197 

342 

29 

715 

60 

140 

12 

1961 

1,401 

361 

26 

874 

62 

166 

12 

1962 

1,724 

394 

23 

1,131 

66 

199 

12 

1963 

1,965 

425 

22 

1,311 

67 

229 

1? 

1964 

2,289 

434 

19 

1,597 

70 

258 

11 

1965 

2,555 

461 

18 

1,809 

71 

285 

11 

1966 

2,814 

510 

18 

1,979 

70 

325 

12 

1967 

3,039 

492 

16 

2,184 

72 

363 

12 

1968 

3,274 

535 

16 

2,314 

71 

425 

13 

1969 

3,425 

540 

16 

2,425 

71 

460 

13 

19/0 

3,513 

528 

15 

2,453 

70 

532 

15 

1971 

3,568 

547 

15 

2,425 

68 

596 

17 

197? 

3,737 

555 

15 

2,550 

68 

632 

17 

1973 

3,866 

597 

15 

2,637 

68 

632 

16 

1974 

4,142 

641 

15 

2,838 

69 

663 

16 

1975 

4,519 

686 

15 

3,088 

68 

745 

16 

1976 

4,834 

742 

15 

3,334 

69 

758 

16 

1977(est.) 

5,259 

783 

15 

3,640 

69 

836 

16 

1978   (est.)        5,855  840  14  4.060 


69  955  16 


TABLE  6-2  Applied    Research  Expenditures   by  Source 


National    Patterns  of  R&D 
Resources.    1953-T978 


Total 
(dollars  in 
millions) 

industry 
dollars 

industry 

as  5 
of  total 

govt 
dollars 

govt  as 

%   of 

total 

other 
dollars 

other 

as  S 

of  total 

1960 

3,020 

1,226 

41 

1,688 

56 

106 

04 

1961 

3,065 

1,195 

39 

1,754 

57 

116 

04 

1962 

3,665 

1,470 

40 

2,067 

56 

128 

03 

1963 

3.742 

1,483 

40 

2,125 

57 

134 

04 

1964 

4,128 

1,593 

39 

2,397 

58 

138 

03 

1965 

4,339 

1,654 

38 

2,524 

58 

161 

04 

1966 

4,601 

1,841 

40 

2,582 

56 

178 

04 

1967 

4,803 

1,889 

39 

2,717 

57 

197 

04 

1968 

5,162 

2,125 

41 

2,841 

55 

196 

04 

1969 

5,342 

2,320 

43 

2,811 

53 

211 

04 

1970 

5,713 

2,426 

42 

3,074 

54 

213 

04 

1971 

5,843 

2.492 

43 

3,114 

53 

237 

04 

1972 

6,044 

2,606 

43 

3,172 

52 

266 

04 

1973 

6,661 

2,873 

43 

3,474 

52 

314 

05 

1974 

7,370 

3,310 

45 

3,701 

50 

359 

05 

1975 

8,008 

3,502 

44 

4,105 

51 

401 

05 

1976 

9,086 

3,988 

44 

4,594 

51 

504 

06 

1977(est.) 

10,087 

4,392 

44 

5,158 

51 

537 

05 

1978(est.) 

10,965 

4,800 

44 

5,570 

51 

595 

05 

90 


TABLE     6-3 


Federal 
(dolla 

R&D  Funds 
rs  In  millions) 

National  Patterns  of 
Resources,  1953-1978 

Total 

Basic 
Research 

Basic  as 
Z   of  total 

Applied 
Research 

Applied 

as  % 

of  total 

1960 

8,738 

715 

8 

1,688 

19 

1961 

9,250 

874 

9 

1,754 

19 

1962 

9,911 

1,131 

11 

2,067 

21 

1963 

11,204 

1,311 

12 

2,125 

19 

1964 

12,536 

1,597 

13 

2,397 

19 

1965 

13,012 

1,809 

14 

2,524 

19 

1966 

13,969 

1,979 

14 

2,582 

18 

1967 

14,935 

2,184 

15 

2,717 

19 

1968 

14,926 

2,314 

16 

2,841 

19 

1969 

14,895 

2,425 

16 

2,811 

19 

1970 

14,668 

2,453 

17 

3,074 

21 

1971 

14,892 

2,425 

16 

3,114 

21 

1972 

15,748 

2,550 

16 

3,172 

20 

1973 

16,295 

2,637 

16 

3,474 

21 

1974 

16,733 

2,838 

17 

3,701 

22 

1975 

18,127 

3,088 

17 

4,105 

23 

1976 

19,478 

3,334 

17 

4,594 

24 

1977(est 

)  21,79  7 

3,640 

17 

5,158 

24 

1978(est 

)  23,835 

4,060 

17 

5,570 

23 

34-376   O  -  78  - 


TABLE  6-4 


Federal  Funding  of  R&D  in  Industry 
(dollars  in  millions) 


National  Patterns  of  R&D 


Resources,  1953- 

■1978 

Federal 

Fed.  funded 

Basic 

Fed.  funded 

Applied 

R&D  in 

basic 

research 

applied 

research 

Industry 

research 

as  %  of 
total 

research 

as  Z  of 
total 

1960 

6,081 

79 

1 

833 

14 

1961 

6,240 

81 

1 

812 

13 

1962 

6,435 

143 

2 

1,011 

16 

1963 

7,270 

147 

2 

1,007 

14 

1964 

7,720 

165 

2 

1,040 

13 

1965 

7,740 

186 

2 

1,038 

13 

1966 

8,332 

173 

2 

1,039 

12 

1967 

8,365 

202 

2 

1,066 

13 

1968 

8,560 

180 

2 

1,043 

12 

1969 

8,451 

160 

2 

1,015 

12 

1970 

7,779 

158 

2 

1,049 

13 

1971 

7,666 

125 

2 

974 

13 

1972 

8,010 

127 

2 

952 

12 

1973 

8,131 

129 

2 

993 

12 

1974 

8,199 

160 

2 

1,017 

12 

1975 

8,577 

157 

2 

1,125 

13 

1976 

9,195 

172 

2 

1,200 

13 

1977(est 

)   10,250 

185 

2 

1,300 

13 

1978(est 

)   11,600 

205 

2 

1,450 

13 
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research,  in  its  overall  R&D  funding  allocations. 
Nonetheless  the  government's  shift  toward  basic  research  in 
the  early  to  mid-1970's  has  not  increased  Federal  funding  of 
industry-performed  basic  research.   This  is  in  part  a 
reflection  of  a  great  reliance  on  academic  institutions  as 
basic  research  performers. 

Another  perspective  on  industry's  shift  away  from  basic 
and  longer-term  research  is  provided  by  the  allocations  of 
industry's  own  R&D  funds  into  basic  research  and  applied 
research,  shown  in  Table  6-5.   Again,  the  fraction  of 
industry's  funds  going  into  basic  research  has  fallen  by 
about  half  (from  8  percent  in  1960  to  4  percent  in  1977), 
and  the  fraction  going  into  applied  research  has  also 
declined.   Development  activities  receive  a  larger 
proportion  of  R&D  funding  (table  6-5).   The  reduced  emphasis 
on  industry's  own  support  of  basic  research  occurred 
gradually  throughout  the  period;  no  sudden  shift  is 
apparent. 

Not  all  of  industry's  funds  for  basic  research  go  for 
research  performed  within  industrial  laboratories. 
Industry's  support  for  basic  research  performed  in 
universities  and  colleges  and  other  nonprofit  institutions 
has  been  increasing  over  time,  going  from  around  12  and  13 
percent  of  industry's  basic  research  budget  in  the  early 
1960's,  to  17  and  18  percent  by  the  mid-1970's  (table  6-6) 
(4).   A  smaller  proportion  of  industry's  applied  research 
expenditures  are  contracted  out  to  performers  in  other 
sectors;  about  2  percent  of  the  applied  research  was 
contracted  out  each  year.   The  corresponding  figures  for 
development  expenditures  are  small  in  both  dollar  amounts 
and  as  a  fraction  of  industry's  development  budget  (about 
half  a  percentage  point). 

Industry  Performance  Patterns 

The  preceding  discussed  industry  funding  patterns.  An 
examination  of  industry  performance  of  basic  research  is 
useful  for  two  major  reasons.  First,  there  are  several 
advantages  to  the  economy  associated  with  industry 
performance  of  basic  research.   Industry  performance  may 
simplify  the  process  of  transferring  fundamental  knowledge 
into  technology  and  innovation.   Selection  of  basic  research 
topics  by  industry  should  reflect  some  judgment  about 
expected  commercial  value  or  the  need  for  basic  research  to 
solve  current  problems  in  industry.   Industry  performance 
helps  maintain  a  diversified  science  base.   Encouraging 
research  in  institutions  with  a  greater  capability  to  share 
costs  may  enable  the  government  to  obtain  a  greater  total 
amount  of  basic  research  for  a  given  Federal  R&D  budget. 

Figures  on  the  changing  mix  of  research  performers  used 
by  the  Federal  Government  show  a  declining  reliance  on 
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TABLE     6-5  Allocations  of   Industry  R&D   Funds 

(dollars    in  millions) 


National    Patterns   of  R&D 
Resources,   195FT978 


Total 
R&D 

Basic 

basic  % 
of  total 

Appl ied 

aopl ied 

as  % 
of  total 

Develop- 
ment 

develop 

ment  as 

of  total 

1960 

4,516 

342 

8 

1,226 

27 

2,948 

65 

4,757 

361 

8 

1,195 

25 

3,201 

67 

5,123 

394 

8" 

1,470 

29 

3,259 

64 

5,456 

425 

8 

1,483 

27 

3,548 

65 

5,888 

434 

7 

1,593 

27 

3,861 

66 

1965 

6,548 

461 

7 

1,654 

25 

4,433 

68 

7,328 

510 

7 

1,841 

25 

4,977 

68 

8,142 

492 

6 

1,889 

23 

5,761 

71 

9,005 

535 

6 

2,125 

24 

6,345 

70 

10,010 

540 

5 

2,320 

23 

7,150 

71 

1970 

10,439 

528 

5 

2,426 

23 

7,485 

72 

10,813 

547 

5 

2,492 

23 

7,774 

72 

11,688 

555 

5 

2,606 

22 

8,527 

73 

13,258 

597 

5 

2,873 

22 

9,788 

74 

14,824 

641 

4 

3,310 

22 

10,873 

73 

1975 

15,747 

686 

4 

3,502 

22 

11,559 

73 

17,666 

742 

4 

3,988 

23 

12,936 

73 

1977(est.) 

19,408 

783 

4 

4,392 

23 

14,233 

73 

1978(est.) 

21,475 

840 

4 

4,800 

22 

15,835 

74 
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TABLE  6-6 


Industry  Support  of  Basic  Research  in  Other  Sectors 

(millions  of  current  dollars) 

National  Patters  of  R&D 
Resources,  1953-1978 


total  industry 

industry  support  of 

industry  support  in 

funds  for 

basic  research  in 

other  sectors  as 

basic  research 

other  sectors 

%  of  total 

1960 

342 

1961 

361 

1962 

394 

1963 

425 

1964 

434 

1965 

461 

1966 

510 

1967 

492 

1968 

535 

1969 

540 

1970 

528 

1971 

547 

1972 

555 

1973 

597 

1974 

641 

1975 

686 

1976 

742 

1977(est.) 

783 

1978(est.) 

840 

45 

47 

49 

50 

50 

55 

59 

65 

73 

82 

84 

91 

100 

106 

113 

126 

128 

133 

140 


13 
13 
12 
12 
12 
12 
12 
13 
14 
15 
16 
17 
18 
18 
18 
18 
17 
17 
17 
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industry.   Table  6-7  shows  that  there  has  been  a  substantial 
decline  in  the  proportion  of  Federal  basic  research  funds 
going  to  industry  over  the  1960-1977  period.   For  example, 
in  1960  industry's  fraction  of  the  Federal  basic  research 
budget  was  11  percent.   For  every  $1  the  government  provided 
to  industry  for  basic  research,  about  $U  went  to 
universities  and  colleges  (the  largest  performing  sector). 
By  1977,  industry's  fraction  was  5  percent;  for  every  $1 
going  to  industry  over  $11  went  to  universities  and 
colleges. 

There  has  also  been  a  reduced  reliance  by  government  on 
industry  as  a  performer  of  applied  research.   Looking  at  all 
performers  of  Federally  funded  applied  research  (government 
laboratories,  industry,  universities  and  colleges,  and  other 
nonprofit  institutions),  in  1960  industry  performed  almost 
50  percent  of  Federal  applied  research;  by  1977  industry 
performed  about  25  percent  (table  6-8). 


Implications  of  Trends 

Whether  the  gradual  shift  in  industry's  allocations  of 
R&D  resources  away  from  basic  and  applied  research  has  had 
or  will  have  an  adverse  effect  on  the  economic  welfare  of 
the  U.S.  is  a  question  which  has  no  agreed  answer.   The 
contribution  of  research  to  economic  growth,  productivity 
and  industrial  development  was  discussed  in  Chapter  4.  The 
value  to  society  of  basic  research  findings  vis-a-vis 
applied  research  or  development  results  simply  cannot  be 
assessed  in  terms  that  will  allow  us  to  say  that  basic 
research  should  have  x  dollars  added  to  it  or  that  y  dollars 
should  be  taken  away  from  another  phase  of  the  R&D  process. 
Therefore,  we  cannot  say  whether  or  not  an  economy  that 
devotes  9  percent  of  its  R&D  funds  to  basic  research  and  69 
percent  to  development  (as  was  true  in  1960)  is  better  or 
worse  off  than  an  economy  that  spent  13  percent  of  its  R&D 
budget  on  basic  research  and  65  percent  on  development  (the 
case  in  1977). 

As  discussed  in  Chapter  4,  there  are  market 
disincentives  which  probably  diminish  the  amount  of  money 
that  private  industry  spends  on  basic  research.   These 
include  incomplete  appropr iability  of  benefits,  risks  and 
uncertainty  about  the  outcomes,  and  the  long  time  delays 
before  any  commercial  payoff  is  received.  But,  as  we  have 
seen,  these  are  the  reasons  the  Federal  Government  is 
already  the  predominant  funder  of  basic  research  and  has 
been  devoting  a  larger  portion  of  its  R&D  budget  to  basic 
research.   In  addition,  taking  into  account  all  sources  of 
funds,  the  proportion  of  R&D  funds  devoted  to  basic  research 
has  increased. 
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The  primary  questions  concerning  a  reduced  role  for 
industry's  basic  research  are,  which  sectors  have 
comparative  advantage  in  performance  and  does  decline  lead 
to  a  reduction  in  innovation.   There  is  little  empirical 
evidence  on  these  questions,  but  some  assessments  of 
effectiveness  can  be  inferred  from  the  behavior  of  some 
research  funders.   As  stated  earlier,  there  have  been  major 
declines  in  the  proportions  of  Federal  basic  and  applied 
research  funds  going  to  industry  over  the  1960-1977  period. 
This  movement  away  from  industry  performance  of  basic 
research  is  also  reflected  in  the  increase  in  industry's  own 
contracting  out  of  basic  research  to  other  sectors,  as  the 
figures  cited  earlier  show.   The  shifting  mix  of  research 
performers  suggests  that  both  industry  and  government 
believe  that  universities  have  comparative  advantage  in 
performing  basic  research.  This  raises  the  issue  of 
knowledge  transfer  mechanisms.   Industry  apparently  believes 
that  some  effective  transfer  is  possible  and  that 
researchers  in  other  sectors  are  prepared  to  deal  with 
industry's  interests  in  eventual  economic  payoff. 

A  number  of  government  policies  may  already  influence 
industrial  basic  research  to  some  degree.   These  policies 
tend  to  be  directed  at  research  and  development  as  a  whole 
or  at  commercialization  efforts  rather  than  basic  research. 
While  little  is  known  about  their  quantitative  effects,  an 
analysis  of  their  characteristics  is  useful. 

In  principle,  the  government  should  be  able  to 
encourage  more  industrial  funding  of  basic  research  by 
affecting  risks,  the  appropriability  of  benefits,  and  the 
time  until  commercial  payoff.   Thus,  changes  in  patent  law 
and  market  structure  could  affect  a  firm's  ability  to 
appropriate  benefits,  and  reductions  in  the  real  rate  of 
interest  would  increase  the  present  value  of  expected  future 
benefits.   These  general  policies,  however,  affect  large 
parts  of  the  economy.   They  are  difficult  to  focus  precisely 
on  the  basic  end  of  the  research  spectrum,  and  can  be 
difficult  to  design  and  implement.   In  general,  changes  in 
these  policies  are  based  upon  considerations  other  than  the 
effect  on  industrial  basic  research. 

The  aspect  of  basic  research  that  is  perhaps  easiest  to 
affect  is  the  level  of  research  costs  borne  by  industry  and 
benefits  that  are  appropriated  by  the  funder.   The 
government  can  change  the  after-tax  return  benefits  realized 
from  the  research  or  the  costs  of  research  borne  by  the 
firm.  (5)   Two  general  types  of  policies  can  have  this 
effect.   First,  there  are  policies  providing  indirect 
incentives  which  include  special  tax  provisions.   Second, 
there  are  direct  incentive  mechanisms  which  involve 
government  funding  with  some  degree  of  cost  sharing  by 
industry  (e.g.,  research  grants  and  contracts),  and 
Independent  Research  and  Development  (IR&D)  programs. 
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A  complete  assessment  of  each  policy  is  beyond  the 
scope  of  this  chapter  (6).   The  following  discussion  of 
alternative  incentives  concentrates  on  the  applicability  of 
each  policy  to  industrial  basic  research. 

Surveys  of  tax  incentives  for  research  and  development 
show  that  many  industrialized  nations  provide  extensive 
support  for  research  and  development  through  a  variety  of 
tax  incentives  and  government  grants.   (7)   A  closer 
examination  of  these  policies,  however,  reveals  a  strong 
emphasis  on  development  and  commercialization  efforts,  so 
that  the  policies  used  are  not  particularly  applicable  to 
basic  research.   Moreover,  very  little  is  known  about  the 
overall  effectiveness  of  these  tax  incentives  even  in 
encouraging  development  and  innovative  activity.  (8) 

The  current  U.S.  tax  system  treats  research  and 
development  generally  in  the  same  way  as  other  costs--it 
allows  100  percent  expensing  of  current  research  costs 
(labor  and  materials)  while  capital  expenditures  for  plant 
and  equipment  are  treated  as  other  capital  investments  (with 
occasional  tax  credits  and  accelerated  depreciation).  Since 
the  current  system  treats  all  R&D  expenditures  equally,  no 
additional  incentive  is  provided  for  basic  research. 

Any  efforts  to  give  special  tax  treatment  to  basic 
research  face  the  question  of  what  kinds  of  controls  are 
necessary  to  ensure  that  expenditures  claimed  as  basic 
research  are  not  simply  a  reclassification  of  other 
expenses.   The  mechanisms  for  dealing  with  this  problem  can 
be  as  simple  as  the  occasional  audits  used  to  ensure  that 
other  business  expenses  are  as  claimed,  or  as  complex  as 
requirements  for  formal  research  proposals  to  be  submitted 
to  some  independent  group  for  examination  and  certification 
as  basic  research. 

Perhaps  the  most  important  and  widely  used  non-tax 
mechanism  for  encouraging  industrial  basic  research  is 
direct  government  grants  or  contracts.  This  mechanism  is  in 
many  ways  quite  similar  to  tax  incentives,  especially  when 
the  more  elaborate  control  mechanisms  in  some  tax  proposals 
are  compared  with  the  current  grants  and  contracts  system. 
The  impact  of  the  current  system  of  grants  and  contracts  has 
already  been  described  in  terms  of  the  performance  patterns 
of  industrial  basic  research  and  the  performer  mix.   Direct 
grants  and  contracts  have  as  a  major  advantage  over  tax 
incentives,  the  feature  that  government  oversight  is 
maintained  (to  the  extent  desired)  over  the  topic  of 
research  and  over  the  quality  of  the  proposed  and  actual 
research.   However,  one  major  disadvantage  is  the 
administrative  costs  of  individual  proposal  preparation  and 
review,  and  provision  of  information  to  ensure 
accountability. 
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Independent  Research  and  Development  (IR&D)  is  a 
current  program  of  some  Federal  agencies  that  provides 
government  funding  of  industrial  research  and  development  by 
means  of  an  allowance  in  the  costs  of  research  and 
development  or  production  contracts.   Through  IR&D  funding 
the  government  could  provide  funds  to  industry  for  basic 
research  by  requiring  the  list  of  potential  IR&D-funded 
research  projects  submitted  by  contractors  to  include  basic 
research  efforts.   This  has  the  advantage  of  low 
administrative  costs  relative  to  the  costs  of  a  system  of 
direct  grants  for  the  same  number  of  individual  projects. 
(9)   As  it  is  currently  operated,  the  IR&D  program  is 
reported  to  be  biased  against  new  entrants  into  government 
contract  research  because  their  past  research  costs  will  not 
be  covered  by  IR&D.  (10) 

The  policy  alternatives  just  discussed  are  only  a  few 
of  the  numerous  variations  available.   However,  many  of  the 
other  options,  such  as  special  awards,  loan  guarantees,  and 
grants  for  specialized  plant  and  equipment  are  more  easily 
applied  to  the  development  and  commercialization  stages  of 
the  research  process  or  are  better  tailored  to  the  problems 
of  specific  industries. 

A  problem  common  to  all  policy  incentives  for 
increasing  the  total  amount  of  basic  research  in  the  economy 
is  the  possibility  that  an  increase  in  Federal  funding  will 
simply  displace  private  funds.   There  is  little  empirical 
evidence  on  the  degree  to  which  Federal  and  industry  R&D 
funds  are  complements  or  substitutes.   Consideration  of  tax 
incentives  for  industry-funded  research  often  brings  up  the 
question  of  whether  a  tax  incentive  would  simply  reward 
firms  for  what  they  are  doing  already  or  whether  it  should 
focus  on  incremental  efforts  over  and  above  current 
activities.   This  problem  cannot  be  avoided  by  changing 
sectors  of  performance  of  basic  research  since  the 
characteristics  of  basic  research  imply  that  the  results  of 
research  performed  in  one  sector  are  available  for  use  in 
other  sectors. 


Summary 

A  greater  role  for  industry  in  basic  research  may  be 
desirable.   Industry  performance  may  improve  the  process  of 
transforming  research  findings  into  improved  productivity 
and  output  growth.   Industry  can  diversify  the  research  base 
of  the  economy.   Encouraging  research  in  institutions  with  a 
greater  ability  to  cost  share  may  enable  the  government  to 
increase  the  leverage  of  a  given  Federal  research  budget. 

Currently,  there  is  very  little  quantitative  evidence 
on  the  cost  and  effectiveness  of  alternative  incentives  for 
encouraging  research  and  development  and  innovative 
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activity.   Even  less  is  known  about  the  impact  of  such 
policies  on  basic  research.   New  information  on  these  issues 
will  be  developed  during  the  Administration's  major  policy 
review  noted  in  Chapter  1. 
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FOOTNOTES 

(1)  When  trends  in  funding  and  performance  are  examined 
within  a  single  sector  of  the  economy,  variations  in 
definitions,  such  as  basic  research,  across  sectors  are  not 
important.   While  changing  definitions  over  time  within  a 
sector  would  be  a  problem,  there  is  no  evidence  that  this 
has  been  the  case. 

(2)  Based  on  Table  B-47,  R&D  in  Industry,  1974 ,  National 
Science  Foundation,  NSF  76-322. 

(3)  Source  of  data  not  provided  in  attached  tables  is 
National  Patterns  of  R&D  Resources,  1953-1977 ,  National 
Science  Foundation,  NSF  77-310. 

(4)  These  estimates  of  industry  funds  going  to  other 
performers  take  into  account  only  research  that  is  formally 
contracted  out.   Contributions  to  universities  for  general 
educational  purposes  are  not  recorded  here. 

(5)  Two  important  assumptions  behind  the  following  analysis 
are  that  industry's  decision  to  fund  basic  research  is  based 
on  a  calculation  of  costs  and  benefits  and  that  the 
incentive  provided  to  industry  will  not  be  expected  to 
supplant  completely  the  current  level  of  government  funding 
of  basic  research. 

(6)  A  complete  assessment  of  policy  alternatives  would  take 
into  account  a  number  of  general  criteria.   These  include: 
the  applicability  of  the  mechanism  to  basic  research  and  to 
the  particular  aspect  of  concern  (e.g.,  employment  of 
scientists,  increased  funding  levels,  or  improved  linkages 
with  other  performers);  side  effects  of  the  mechanism,  such 
as  differential  effects  by  size  of  firm  or  research  inputs 
used;  the  costs  of  the  incentive,  including  direct  costs  and 
administrative  costs;  and  effectiveness  (i.e.,  does  the 
policy  meet  its  objective  and  what  is  the  size  of  the 
effect). 

(7)  Robert  I.  Kaplan,  Yuji  Ijiri,  and  Michael  Visscher,  Tax 
Policies  for  R&D  and  Technological  Innovation ,  Pittsburgh: 
Carnegie-Mellon  University,  March  1976.  7~.    Herbert  Hollomon, 
et.al.,  National  Support  for  Science  and  Technology:  An 
Examination  of  Foreign  Experience,  Vol.  2,  Center  for  Policy 
Alternatives,  Massachusetts  Institute  of  Technology,  May 
1976. 

(8)  Ibid.  Kaplan  says  "in  surveying  the  many  sources 
describing  special  tax  provisions  for  R&D  in  foreign 
nations,  it  was  difficult  to  find  any  evaluation  of  these 
programs  which  demonstrated  a  clear  link  between  the  level 
of  tax  incentives  and  the  level  of  innovative  activities. 
To  the  extent  that  any  of  these  sources  commented  on  the 
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importance  or  effectiveness  of  these  programs,  it  was 
usually  to  say  that  the  tax  provisions  played  a  relatively 
minor  role  in  encouraging  R&D."  Robert  I.  Kaplan,  "Tax 
Policies  of  U.S.  and  Foreign  Nations  in  Support  of  R&D  and 
Innovation"  Chapter  1  in  Kaplan,  Ijiri,  and  Visscher,  Tax 
Policies  for  R&D  and  Technological  Innovations ,  pp.  47. 

(9)  For  this  and  other  reasons,  the  Commission  on  Government 
Procurement  recommended  that  the  IR&D  system  be  maintained. 
Report  of  the  Commission  on  Government  Procurement ,  Vol.  2, 
December  1^72,  p.  38. 

(10)  In  the  worst  case,  small  firm  that  has  incurred  large 
R&D  expenses  and  that  is  selling  a  product  to  the  government 
on  a  cost-plus  basis  will  not  be  reimbursed  for  its  past 
research  since  allowable  production  costs  do  not  allow 
charges  for  past  R&D.   That  is,  the  contracting  system 
appears  to  assume  that  the  past  R&D  costs  were  already 
covered  by  the  government  either  through  research  contracts 
or  IR&D  payments. 
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CHAPTER  7 
SOME  ISSUES  IN  THE  SUPPORT  OF  ACADEMIC  SCIENCE 


The  continued  importance  of  the  Federal  Government  as  a 
source  of  basic  research  funds  is  reflected  in  a  recent 
statement  by  President  Carter  in  his  fiscal  year  1979  budget 
message  to  Congress: 

"The  Federal  Government  must  lead  the  way  in  investing 
in  the  Nation's  technological  future.   Shortly  after 
taking  office,  I  determined  that  investment  in  basic 
research  on  the  part  of  the  Federal  Government  had 
fallen  far  too  low  over  the  past  decade.  Accordingly,  I 
directed  that  a  careful  review  be  undertaken  of 
appropriate  basic  research  opportunities.   As  a  result 
of  that  review,  this  budget  proposes  a  real  rate  of 
growth  of  almost  5%   for  basic  research  in  1979.   I 
believe  this  emphasis  is  important  to  the  continued 
vitality  of  our  economy." 

Universities  and  colleges  are  the  primary  performers  of 
basic  research.   They  have  fared  somewhat  better  in  recent 
budgets  than  other  research  performers  in  their  receipt  of 
Federal  research  funds  and  have  been  increasing  their 
employment  of  doctoral  scientists  and  engineers. 
Nonetheless,  this  sector  has  been  subject  to  a  number  of 
pressures  that  may  adversely  affect  its  ability  to  continue 
its  dominant  role  in  the  Nation's  basic  research  effort. 
These  difficulties  are  recognized  by  this  Administration  and 
are  reflected  in  the  Office  of  Management  and  Budget's 
discussion  of  the  proposed  increase  in  the  1979  Federal 
basic  research  budget,  which  is  intended  to: 

"assist  in  ameliorating  some  of  the  problems  currently 
associated  with  the  performance  of  research  in  colleges 
and  universities,  including  the  growing  obsolescence  of 
equipment  and  the  lack  of  opportunities  for  young 
investigators."  (1) 


The  level,  composition,  and  distribution  of  Federal 
funds  for  academia  will  continue  to  be  important  issues 
especially  given  the  structural  changes  in  the  higher 
education  system  expected  in  the  1980's.   Total 
undergraduate  enrollments  are  expected  to  peak  in  the  early 
eighties  and  then  decline  during  the  rest  of  the  decade. 
The  demand  for  new  faculty  is  closely  linked  to 
enrollments.   And,  it  is  the  new  faculty  who  are  considered 
to  be  the  remarkably  productive  researchers. 

Behind  the  immediate  concerns  about  money,  equipment, 
and  employment  for  recently  trained  investigators  is  a 
broader  concern  —  about  maintaining  the  output  of  American 
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science.   This  chapter  presents  available  evidence  and 
analysis  on  funding  trends,  equipment,  and  new 
investigators. 

Trends  in  Academic  Research  Funding 

Federal  basic  research  funds  going  to  the  college  and 
university  sector  have  been  growing  at  the  highest  average 
annual  rate  of  all  performing  sectors,  as  seen  in  Table  7-1. 
Between  1960  and  1977,  Federal  basic  research  funds  (in 
current  dollars)  for  academic  research  grew  at  an  annual 
rate  of  11.8  percent,  while  total  Federal  basic  research 
dollars  grew  at  9.7  percent.   In  spite  of  the  favorable 
relative  position  of  the  academic  sector,  there  was  an  8 
percent  decline  in  real  Federal  support  between  1968  and 
1977.   So,  the  funding  did  not  keep  pace  with  the  overall 
rate  of  inflation.   (See  Table  7-1  for  academic  basic 
research  in  constant  dollars.)  Federal  applied  research 
funds  to  universities  and  colleges  also  grew  more  rapidly 
than  did  total  Federal  applied  research  support  (table 
7-3)-   Federal  applied  research  funding  did  not  quite  keep 
pace  with  inflation.   (See  Table  7-4  for  academic  applied 
research  in  constant  dollars.) 

Although  academic  R&D  projects  include  applied  research 
and  development  efforts,  the  bulk  of  university  research  and 
development  is  composed  of  basic  research.   Currently,  about 
68  percent  of  all  academic  research  and  development  is 
reported  as  basic,  28  percent  as  applied,  and  M  percent  as 
development  (table  7-5).   Recently  university  researchers 
have  expressed  concern  over  an  increasing  tendency  on  the 
part  of  all  research  funders  to  stress  applied  research.  (2) 
Table  7-5  shows  that  there  indeed  was  a  shift  in  emphasis  in 
1973  toward  applied  research  at  the  expense  of  basic 
research  performed  in  universities  and  colleges.   The  ratio 
has  remained  approximately  the  same  since  1973.   An 
examination  of  the  Federal  funds  allocated  to  research  and 
development  in  the  academic  sector  reveals  that  Federal 
agencies  place  a  slightly  greater  emphasis  on  basic  research 
than  do  other  funding  sources,  although  here  too  there  has 
been  a  decline  in  the  portion  going  into  basic  research 
(table  7-6). 

Federal  Funding  of  Academic  Basic  Research  by  Field  of 
Science 

The  preceding  discussion  has  dealt  with  the  overall 
funding  of  academic  science  but  has  not  examined  the 
problems  of  specific  fields.   Because  of  the  concentration 
of  support  in  some  agencies,  differential  budgetary  change 
affects  certain  fields  more  than  others.   Support  can  vary 
markedly  for  particular  fields  for  reasons  quite  independent 
of  the  development  in  the  field.  (3)   To  the  extent  the 
number  of  researchers  in  a  particular  field  is  influenced  by 
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TABLE     7-2 


Basic  Research  Performance  at  Universities  and 
Colleges:     FY  1964-77 


(Dollars   in  millions) 


Year 

Total 

Federally 

financed 

Current 

Constant  1/ 

Current 

Cons  tan t±/ 

1964... 

1,003 

1,363 

766 

1,041 

1966... 

1,303 

1,695 

1,009 

1,312 

1968... 

1,649 

2,004 

1,251 

1,520 

1970... 

1,796 

1,976 

1,296 

1,426 

1972... 

2,022 

2,022 

1,420 

1,420 

1973... 

2,054   • 

1,967 

1,455 

1,394 

1974... 

2,153 

1,913 

1,522 

1,353 

1975... 

2,408 

1,933 

1,694 

1,359 

1976... 

2,548 

1,910 

1,827 

1,370 

1977... 

2,788 

1,962 

1,992 

1,402 

1/ 


Based  on  1972  GNP  implicit  price  deflator. 


Source:  Division  of  Science  Resources  Studies,  National 
Science  Foundation. 
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«     i.    —        CM 


TABLE     7-4 


Applied  Research  Performance     at  Universities  and 
Colleges:     FY   1964-77 


(Dollars  in 

millions) 

Year 

Total 

Federally 

financed 

Current 

Constant  1/ 

Current 

Constant  1/ 

1964... 

232 

315 

127 

173 

1966... 

328 

427 

194 

252 

1968... 

404 

491 

254 

309 

1970... 

427 

470 

268 

295 

1972... 

544 

544 

338 

338 

1973... 

717 

687 

462 

443 

1974... 

737 

655 

439 

390 

1975... 

851 

683 

516 

414 

1976... 

1,025 

768 

588 

441 

1977... 

1,120 

788 

653 

460 

1/ 

Based  on  1972  GNP  implicit  price  deflator. 

Source:  Division  of  Science  Resources  Studies,  National 
Science  Foundation. 
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fluctuations  in  support,  supply  can  fluctuate  markedly. 

Scientific  and  Technical  Personnel 

The  reactions  of  scientific  personnel  to  shifts  in 
research  support  are  an  important  factor  in  assessing  the 
effects  of   changing  allocations  of  Federal  research  funds  by 
fields  of  science.   The  ability  of  scientists  and  engineers 
to  respond  to  shifts  in  demand  allows  the  basic  research 
performer  base  to  serve  the  research  needs  of  newly 
identified  social  objectives  (e.g.,  energy,  environment). 
This  same  responsiveness  may  be  a  disadvantage  if  a  shift  in 
basic  research  priorities  is  not  intended. 

Table  7-7  reports  on  the  number  of  scientists  and 
engineers  employed  in  universities  and  colleges  by  function 
over  the  period  1965-1977.   Total  academic  science  and 
engineering  employment  increased  at  an  average  annual  rate 
of  4.3  percent  over  the  entire  period,  and  since  1969  growth 
has  been  at  an  annual  rate  of  3.2  percent.   As  can  be  seen 
in  this  table,  most  of  the  growth  has  been  in  the  teaching 
rather  than  the  R&D  function.  (M)  Other  data  show  that  most 
of  the  growth  in  employment  of  full-time  scientists  and 
engineers  since  1969  has  been  in  doctoral  scientists.   In 
general  there  has  been  a  slight  decline  in  the  employment  of 
full-time  academic  scientists  and  engineers  with  master's 
and  bachelor's  degrees,  (table  7-8). 

Figures  on  enrollment  for  advanced  degrees  through  1976 
show  that  there  has  been  a  shift  away  from  the  physical 
sciences  and  engineering  since  the  mid-1960's,  probably  due 
to  an  increase  in  funding  for  environmental  sciences  and  a 
decrease  in  support  for  the  physical  sciences.  (5)   Other 
evidence  on  the  reactions  of  scientific  personnel  to  shifts 
in  demand  is  provided  in  a  study  of  science  manpower  in 
physics  done  by  R.  B.  Freeman.   He  found  a  very  close 
relationship  between  salary  incentives  and  numbers  of 
physics  students  in  different  levels  of  degree  programs. 
His  work  suggests  that  the  decision  to  complete  the 
doctorate  program  was  substantially  responsive  to  economic 
incentives.   Freeman  concludes,  "While  the  market  still 
faces  the  major  shock  of  a  demographic-induced  decline  in 
demand  for  faculty  in  the  1980's,  supply  and  salary 
adjustments  will  provide  an  important  buffer  to  the 
decline."  (6)  In  more  recent  work,  Freeman  has  found  similar 
relationships  for  engineering  manpower.  (7) 

Equipment  and  Instrumentation 

A  problem  of  serious  concern  to  the  academic  research 
community  is  the  obsolescence  of  equipment  and 
instrumentation.   The  need  for  funds  for  research  equipment 
was  one  of  the  leading  issues  reported  by  university 
respondents  in  a  National  Science  Board  survey.  (8)   This 
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problem  was  particularly  stressed  by  chairmen  of  physical 
science  departments.  Smith  and  Karlesky  also  found  that  the 
deterioration  of  instrumentation  and  other  supporting 
resources  was  a  major  factor  contributing  to  "a  growing 
atmosphere  of  uncertainty  and  anxiety  about  the  future"  on 
the  part  of  academic  researchers.  (9) 


Although 
and  instrument 
research  fundi 
size  and  quali 
universities  a 
portion  of  uni 
the  government 
funded  under  g 
of  funding  pla 
part  of  an  awa 
is  not  regular 
agencies.  Thu 
equipment  has 
7-9),  these  fi 
equipment  as  a 
needed  to  pin 
distribution  o 


the  obsolescence  of  university  R&D  equipment 
ation  has  been  recognized  by  OMB  and  by 
ng  agencies  such  as  NSF,  reliable  data  on  the 
ty  of  the  stock  of  R&D  plant  and  equipment  in 
nd  colleges  are  not  available.  (10)  For  that 
versity  R&D  plant  and  equipment  financed  by 
,  data  are  readily  available  on  only  the  part 
rants  or  contracts  with  the  primary  objective 
nt  and  equipment.   Any  equipment  funded  as 
rd  that  has  research  as  its  primary  objective 
ly  reported  separately  by  government 
s,  while  the  reported  funding  of  R&D  plant  and 
dropped  by  about  four-fifths  since  1965  (table 
gures  do  not  include  trends  in  funding 

part  of  research  grants.  Further  work  is 
down  the  age,  type,  and  geographic 
f  R&D  plant  and  equipment. 


In  addition  to  support  for  the  acquisition  of  new 
equipment,  it  may  be  possible  to  alleviate  some  of  the 
problem  by  requiring  more  sharing  of  expensive  new  equipment 
and  facilities  than  has  been  typical  in  the  past.   The 
National  Science  Foundation,  for  example,  is  experimenting 
with  the  sharing  approach.   It  is  establishing  some  regional 
instrumentation  facilities  around  the  country  to  enable 
universities  and  industry  to  share  the  cost  of  appartus  in 
areas  such  as  NMR  spectroscopy,  mass  spectroscopy,  and  X-ray 
diffraction. 


New  Investigators 
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defined  as  those  who  have  received 
the  past  seven  years)  arises 
search  are  the  joint  products  of  the 
iversities.   Educators  and  others 
concerns  that,  based  on  demographic 
ent  reduced  interest  on  the  part  of 
of  science,  there  will  be  a  reduced 
eaching  capacity  of  colleges  and 
re  will  be  fewer  openings  for  new 
onsidered  to  be  a  source  of  highly 


Partial  evidence  is  available  on  the  possible 
employment  prospects  for  young  investigators  in  academic 
research.   A  recent  study  examined  the  age  profiles  of 
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university  and  college  faculty  to  determine  whether  the 
faculty  hired  during  the  earlier  high  growth  period  were 
yielding  a  lump  of  faculty  members  in  the  near-retirement 
age  group  of  roughly  ages  50-60.   The  study  reported  that 
for  all  types  of  institutions,  "the  faculty  members  are 
distributed  with  the  larger  percentages  at  the  younger 
ages.   Further,  there  are  no  bulges  in  the  near-retirement 
cohorts  (ages  52-61)."  (10)  That  is,  the  faculty  age 
distribution  may  well  be  somewhat  older  now  than  in,  say, 
1968,  but  the  bulk  of  the  faculty  are  still  reasonably  young 
and  not  near  retirement. 

Other  insights  into  the  age  distribution  situation  are 
provided  in  Table  7-10,  which  reports  on  the  proportions  of 
doctoral  scientists  and  engineers  in  four-year  colleges  and 
universities,  in  business  a.nd  industry,  and  in  the  Federal 
Government  in  1975.   The  age  distributions  within  these 
sectors  are  very  similar  and  the  two  largest  age  groups  are 
those  30-3^  and  35-39,  which  would  be  roughly  be  the  age 
group  of  new  investigators.   Thus  compared  to  other 
performers,  universities  seem  to  have  a  share  of  newly 
trained  researchers  similar  to  that  of  other  research 
performing  institutions. 
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For  all  fields  of  science,  the  recent  graduates  were 
somewhat  more  likely  to  be  employed  in  teaching  (3^.^ 
percent  versus  21.3  percent)  and  in  research  (29.3  percent 
versus  25.2  percent).   The  primary  difference  in  work 
activity  is  that  recent  Ph.D.'s  are  much  less  likely  to  be 
employed  as  administrators.  (13)  The  employment  figures 
exclude  postdoctoral  appointees  and  one  would  expect  that 
most  of  these  would  be  in  the  recent  Ph.D.  category  and 
would  be  working  on  research  in  colleges  and  universities. 
Thus  these  figures  probably  understate  the  academic  research 
activities  of  new  investigators.   However,  postdoctoral 
appointees  are  less  likely  to  be  performing  independent 
research  and  may  be  in  a  "holding  pattern"  awaiting  a  more 
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TABLE 


7  -  ID 


Doctoral  Scientists  and  Engineers 
by  Age  and  Type  of  Employer,  1975 


Age 


Business 
and  industry 


Number   Percent 


Four-year  dol leges 
and  universities 


Number       Percent 


Federal 
Government^ 


Number       Percent 


Total  .. 
Under  30  . . 
30-34  ..... 

35-39  

40-44  

45-49  

50-54  

55-59  

60-64  

65  or  over 
No  report  . 


65,876 

2,129 

15,117 

14,113 

10,274 

8,090 

7,476 

4,610 

2,734 

1,224 

109 


100 

3 

23 

21 

16 

12 

11 

7 

4 

2 

(2) 


147,633 

5,772 

30,862 

30,903 

23,687 

19,833 

16,146 

10,774 

6,461 

3,094 

101 


100 

4 

21 

21 

16 

13 

11 

7 

4 

2 

(2) 


21,634 

773 

4,121 

4,734 

3,646 

3,081 

2,398 

1,533 

953 

382 

13 


100 

4 

19 

22 

17 

14 

11 

7 

4 

2 

(2) 


Includes  the  military  and  the  Commissioned  Corps. 


Less  than  0.5  percent. 
NOTE:  Detail  may  not  add  to  totals  because  of  rounding. 


SOURCE:  National  Science  Foundation,  Characteristics  of  Doctoral  Scientists  and 
Engineers  in  the  United  States,  1975  (NSF  77-309),  pp.  38-41. 

Science  Indicators:  1976,  Report  of  the  National  Science  Board,  National  Science 
Foundation,  1977,  Table  5-11,  p.  282. 
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permanent  university  position. 

Summary 

To  sum  up  the  role  of  the  Federal  Government's  research 
funding  in  academic  science:  in  the  late  1960's  and  early 
1970's  shifts  in  Federal  basic  research  funding  both  overall 
and  in  individual  fields  were  a  source  of  instability  in  the 
universities'  and  colleges'  financial  condition.   While  more 
rapid  growth  in  Federal  academic  basic  research  funding  has 
resumed  in  recent  years,  the  expected  decline  in  the  demand 
for  faculty  may  lead  to  additional  financial  and  personnel 
pressures  on  the  research  sector.   Whether  basic  research 
funding  can  and  should  be  used  as  a  tool  to  mitigate 
pressures  arising  from  the  universities'  educational 
situation  is  an  issue  that  needs  to  be  considered  further. 

The  evidence  presented  on  the  academic  employment  of 
doctoral  scientists  and  engineers  suggests  that  financial 
pressures  at  universities  have  not  yet  prevented  the 
addition  of  professional  staff  in  science  and  engineering 
fields.   An  average  growth  of  3  percent  has  been  reported 
annually  since  1969.   The  age  distributions  of  scientists 
and  engineers  in  government  and  industry  are  quite  similar 
to  those  in  the  universities  and  colleges,  which  at  least 
means  that  no  one  employment  sector  is  getting  a 
disproportionate  share  of  experienced  or  inexperienced 
research  personnel.   However,  there  are  some  reasons  to 
believe  that  future  employment  of  new  Ph.D.'s  in  academia 
may  become  more  restricted. 

While  this  chapter  has  explored  some  of  the  evidence 
behind  the  concerns  on  the  part  of  the  academic  research 
community  over  obsolescent  equipment  and  instrumentation  and 
over  the  possible  lack  of  opportunities  for  new 
investigators,  a  number  of  other  real  problems  face  academic 
researchers.   The  Smith  and  Karlesky  study  and  the  National 
Science  Board  survey  identify  several  other  concerns 
relating  to  the  general  setting  of  academic  science.   Some 
of  these  other  concerns  are  directly  related  to  the  Federal 
Government's  role  as  a  major  funder  of  basic  research  and  of 
academic  research.   These  concerns  include,  for  example,  the 
desire  for  more  continuity  and  stability  of  research  funding 
and  what  are  perceived  as  excessive  demands  by  the  Federal 
Government  for  accountability.   The  scope  of  potential 
problems  and  issues  is  broadening  and  deepening  as  we  move 
toward  the  end  of  the  decade. 
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